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(57)Abstract 

PROBLEM TO BE SOLVED: To provide a method which enables highly 
accurate determination of parameters indicating the eccentricity of an 
optical system comprising a single optical element or the combination of 
the optical elements. 

SOLUTION: In the eccentricity measuring method, rays are made incident 
into an optical element or an optical system to be measured and the angle 
of the rays with the optical axis thereof is varied to detect the position of 
the rays reflected or refracted from a surface to be detected with respect 
to each of the angles. A real ray tracing is performed for each of the 
resulting states to optimize the eccentricity so that a difference is smaller 
between the position of the rays measured for all of the states and the 
position of the rays obtained by the ray tracing thereby determining at least 
one eccentricity. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The optical element which carries out incidence of the light to a measuring beam-ed study component or optical 
system, and is characterized by calculating the physical quantity of said optical element or optical system by measuring the 
condition of the light injected from the optical element or optical system, and using a real ray trace from the measured value, or 
the physical quantity measuring method of optical system. 

[Claim 2] The optical element characterized by the image formation relation in the case of measuring the image of the flux of 
light using any of actual size image formation or inequality twice image formation they are, or the physical quantity measuring 
method of optical system. 

[Claim 3] Carry out incidence of the beam of light to a measuring beam-ed study component or optical system, and the include 
angle of this beam of light and optical axis to make is changed variously. By optimizing physical quantity so that the difference of 
the location of the beam of light which detected the location of the beam of light reflected or refracted from a specimen plane to 
each include angle, and was measured in all conditions, and the beam-of-light location for which it asked with ray tracing may 
become small The. optical element characterized by calculating at least one physical quantity, or the physical quantity measuring 
method of optical system. 



[Translation done.] 
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* NOTICES * 

JPO and NCfPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to an optical element or the physical quantity measuring method of optical system. 
[0002] 

[Description of the Prior Art] As a measuring method of the eccentricity of a general lens system, the autocollimation method is 
conventionally known in the physical quantity (a configuration, radius of curvature, a spacing, an aspheric surface multiplier, 
refractive-index distribution, etc. are included) of a lens system. An autocollimation method is an approach of making the same 
location as the projection location of the index producing a twice as many reflected image, such as projecting an index on the 
location of the image of the center of curvature on the appearance of the field which it is going to measure, i.e., the center of 
curvature of the measuring plane-ed by which image formation is carried out in another field which exists between a measuring 
plane-ed and an observation system, and being based on a specimen plane, as this. 

[0003] Although an index image will be formed on this reference axis if there is no eccentricity in all lens sides about a metrics 
shaft in the above-mentioned case, a reflected image will be formed in the location separated from the reference axis in the 
perpendicular direction to the reference axis if eccentricity exists in which lens side. Since the amount delta of deflections from 
the reference axis of this reflected image has each eccentricity epsilon and functional relation of a lens side, if the amount delta 
of deflections of the actual size reflected image of the index image projected on the ball center location of that appearance 
about each lens side is measured, the eccentricity of each lens side over that metrics shaft can be calculated by count. 
[0004] Drawing 7 is the schematic diagram which was produced by the measuring plane 51 -ed [ 1 ] with eccentricity (inclination 
of a shaft) epsilon and in which having swayed and having shown the amount delta. Incidence is carried out so that the flux of 
light from the light source (index) 52 may be completed by the collimator lens 53 and it may converge on the bail center location 
on the metrics shaft of the measuring plane 51 -ed like drawin g 7 . When the convergence location of the flux of light and the ball 
center location of the measuring plane 51-ed are in agreement, vertical incidence of the flux of light will be carried out to the 
measuring plane 51-ed. however, the convergence location of the flux of light and the ball center location of the measuring plane 
51-ed are in agreement — **** (the measuring plane 51-ed is carrying out epsilon eccentricity) — oblique incidence of the flux 
of light will be carried out to the measuring plane 51-ed. Here, the reflected light which occurred in the measuring plane 51-ed in 
the case of vertical incidence will go back, and will converge the optical path at the time of incidence on the light source (index) 
52 and a location [ **** ]. On the other hand, the reflected light which occurs in the measuring plane 51-ed in the case of 
oblique incidence is converged on the location [ location / which shifted from the optical path at the time of incidence, and was 
converged when vertical incidence was carried out ] delta Shifted. 
[0005] 

[Problem(s) to be Solved by the Invention] However, in the above-mentioned conventional technique, since it carried out when it 
was measured in the image surface 54. and it sways and the relation between an amount delta and the eccentricity epsilon of the 
lens side 51 was proportional, and it was asking for the proportionality coefficient of this proportionality by paraxial count, the 
precision of the eccentricity epsilon obtained by count might fall. If the relational expression of the amount delta of deflections 
and the eccentricity epsilon of the measuring plane 51-ed sets the radius of curvature of the measuring plane 51-ed to r when 
the scale factor beta for which it asked by paraxial count of a collimator lens 53 shown in drawing 7 is used 
delta=2betarepsilon ... (1) 
It becomes. 

[0006] This invention is made in view of such a problem of the conventional technique, and the purpose is offering the technique 
of asking for the parameter showing physical quantity including the eccentricity of the optical system which consists of the 
simple substance or combination of an optical element in a high precision. 
[0007] 

[Means for Solving the Problem] The optical element of this invention which attains the above-mentioned purpose, or the 
eccentric measuring method of optical system is an approach which carries out incidence of the light to a measuring beam-ed 
study component or optical system, and is characterized by calculating the eccentricity of said optical element or optical system 
by measuring the condition of the light injected from the optical element or optical system, and using a real ray trace from the 
measured value. 

[0008] Another optical element of this invention or the eccentric measuring method of optical system is an approach 
characterized by the image formation relation in the case of measuring the image of the flux of light using any of actual size 
image formation or inequality twice image formation they are. 

[0009] This invention further another optical element or the eccentric measuring method of optical system Carry out incidence 
of the beam of light to a measuring beam-ed study component or optical system, and the include angle of this beam of light and 
optical axis to make is changed variously. By optimizing eccentricity so that the difference of the location of the beam of light 
which detected the location of the beam of light reflected or refracted from a specimen plane to each include angle, and was 
measured in all conditions, and the beam-ofHight location for which it asked with ray tracing may become small It is the 
approach characterized by calculating at least one eccentricity. 
[0010] 

[Embodiment of the Invention] Hereafter, the principle and example of the optical element of this invention or the eccentric 
measuring method of optical system are explained. 
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[001 1] This invention uses a real ray trace for the measured processing which sways and computes the eccentricity of a field 
from an amount delta, in order to solve the aforementioned trouble. A real ray trace is also called real ray tracing. It is the 
approach of calculating the location of a beam of light, a direction, etc. by calculating refraction and the law of reflection strictly. 
Ray tracing in consideration of the eccentricity of optical system and the aspheric surface is possible, and it is widely used for 
the design of the optical system using a computer, evaluation, etc. 

[0012] the position vector P0 of the beam of light which carries out incidence to optical system as processing of a real ray 
traced is shown in drawin g 1 . and direction vector R0 from — intersection Pi with the 1st page (field at which a beam of light is 
crossed first) of optical system asking — normal vector H1 of the field in an intersection location from — the incident angle 
thetail of a beam of light is decided. Refractive index nO of the medium by the side of incidence Refractive index nl by the side 
of injection A Snell's law is used and they are the angle of emergence thetaol and the direction vector R1 of a injection beam of 
light. It can be found. The position vector P1 of the intersection of the 1st page, and direction vector Rl of a injection beam of 
light It is made the incident ray to the 2nd page (field at which a beam of light is crossed next), and repeats and asks for the 
intersection with the next field, and the injection beam of light. 

[0013] It is possible to be able to calculate how in optical system, and the flux of light or the beam of light which carried out 
incidence to optical system is injected, and to compute the various properties of optical system, such as the flux of light or the 
image point location of a beam of light, the center-of-gravity location of the flux of light, a condition (magnitude, form) of the flux 
of light, the direction and the location of a beam of light, a condition (reinforcement polarization condition) of a beam of light or 
breadth of the flux of light and the amount of local paraxials (JP.1 1-287947.A), by the real ray trace. 

[0014] It sways and an amount delta is measured by the measurement machine which consists of optical system which was 
raised with aforementioned Object of the Invention, and which is shown in drawing 6 . The amount delta of deflections becomes 
the processing which asks for an image point location or the center-of-gravity location of the flux of light. The beam of light 
(chief ray) which came out from the object point (semiconductor laser) 201 and which extracts and passes along a core is 
projected one by one to the center of curvature of each field of the measured lens 203 through the optical system 202 for 
measurement and a beam splitter 204. this reflected light is pursued to the image surface (light "■receiving side of CCD camera 
207). and the coordinate value in the image surface (light-receiving side of CCD camera 207) is calculated. A drawing core here 
may also choose an intersection with the center-of-rotation shaft of not only the core of drawing of a ****- e d riser lens system 
(measured lens 203) but a specimen plane, an optical axis, a global coordinate, or the image rotator 205 etc. Moreover, the 
center-of-gravity location of the flux of light and a configuration pursue two or more beams of light which came out from the 
object point (semiconductor laser) 201, and ask for the injection beam of light from optical system (optical system for 
measurement) 202. respectively. The center-of-gravity location of the flux of light in the image surface (light-receiving side of 
CCD camera 207). magnitude, a form. etc. are searched for from the location of a injection beam of light, the reinforcement of a 
direction and a beam of light, etc. 

[0015] The reinforcement of the beam of light can be found because energy permeability and a reflection coefficient of sound 
energy intensity can be found with the refractive index before and behind the incident angle to the field of a beam of light, the 
angle of emergence, and a field and the reinforcement of a beam of light and a polarization condition multiply the energy 
permeability or reflection coefficient of sound energy intensity after injection of each side. When coating processing has been 
performed to the field, permeability and a reflection factor can be computed using the property matrix for each class. Moreover, 
it is computable in a polarization condition pursuing Jones vector using the above-mentioned transmission and a reflection factor 
(refer to "principle of optics" Tokai University publication, "crystal optics" Japan Society of Applied Physics optical gathering for 
friendly discussion, and "optical thin film" KYORITSU SHUPPAN). 

[0016] Hereafter, one example of the optical element of this invention or the eccentric measuring method of optical system is 
explained. 

[0017] The block diagram of the processor which enforces an eccentric measuring method to drawing 2 is shown. This equipment 
consists of processing units 1 which carry out generalization processing of 6 and them, and process, such as the storage 4, such 
as the input devices 3, such as the measurement machine 8 which measures the condition of the image of the above flux of 
lights, or the condition of a beam of light, an indicating equipment 2, and a keyboard, and a magnetic disk, and a printer. In 
addition, it connects with LAN7 for exchanging the optical element measurement machine 9, external optical-system design 
equipment 10 grade and data, an art. etc.. and the I / O unit with the external media 5. such as a floppy (trademark) disk and a 
magneto-optic disk, also has. 

[0018] From the measurement machine 8, the spacing data about a measuring beam study system besides the measurement data 
of the condition of the image of the flux of light injected from a test optical system or the condition of a beam of light, movement 
magnitude, etc. are sent as mentioned above. 

[0019] The optical element measurement machine 9 is the set of various measurement machines, such as a field configuration of 
an optical element a spacing, a refractive index of a medium, and coating thickness, and the measurement data of r. d. and n of a 
test optical system and a measuring beam study system or coating data, manufacture error data. etc. are sent from this 
measurement machine 9. Here, they are rxurvature or radius of curvature (in the case of the aspheric surface, it is the equation 
of a field), dispacing, the refractive index of nmedium. the complex index of refraction of coating data:each film, and thickness. 
[0020] Optical-system design equipment 10 is equipment which designs optical system. From this equipment, design value data 
of a test optical system and a measuring beam study system, such as r. d. and n, etc. are sent Moreover, it is possible to 
incorporate the eccentric data for which it asked from the approach of this invention, and for it to be reflected in a design, or to 
evaluate optical system. 

[0021] Processing shown in drawing 3 with the equipment of drawing 2 is performed. Namely, the test optical system used for 
eccentricity calculation processing of Step2 from the input unit 3 of drawjng 2 . storage 4. an external medium 5, the 
measurement machine 8, the optical element measurement machine 9, and optical-system design equipment 10 in Stepl, r of a 
measuring beam study system, d (the spacing movement magnitude for the measurement in a measuring beam study system is 
also included). The class of n data, coating data, manufacture error data, the condition data of the image of the flux of light 
injected from a test optical system or the measurement data of the condition of a beam of light the already known eccentric 
data, and eccentricity for which it asks, the range, etc. are inputted if needed. 

[0022] In Step2. based on the various data inputted by Stepl, the arithmetic unit 1 of drawing 2 performs a real ray trace, and 
the eccentricity to calculate is computed. 

[0023] In Step3. the calculated eccentricity is outputted to the display 2 of drawing 2 , storage 4. an external medium 5, and a 
printer 6. Or data transfer is carried out to the measurement machine 8, the optical element measurement machine 9. and 
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optical-system design equipment 10 grade. 

[0024] Next the example which used the real ray trace for the solution method of the simultaneous equations of drawi ng 4 
explains processing of the part equivalent to the eccentricity calculation processing Step2 of drawin g 3 . If it applies to the 
eccentric measurement using the conventional autocollimation method, simultaneous equations can be set as follows, for 
example. 

[0025] h is Fi (xl. x2, and x3 xn). i= 1. and 2 and 3 about a performance index... It carries out to n:. for example, an image point 

location. If a real ray trace is used, as shown, for example in drawing 8 . an image point location carries out incidence of the beam 
of light which extracts from the object point to optical system, and passes along a core, and can be computed as an intersection 
of the beam of light and the image surface which the beam of light injects. As [ show / moreover. / in drawing_9 (a) other than an 
image point location / what can be treated as a performance index ] The center-of-gravity location in the cross section 
( drawing 9 (b). (c)) where the flux of light (two or more beams of light) injected from optical system has the flux of light (two or 
more beams of light) which carried out incidence to optical system from the object point the breadth of the flux of light Or it is 
measurable things, such as wave optics-point intensity distribution and a condition of a beam of light, and ail can be treated if 
computable by performing a real ray trace. 

[0026] Variable xj (1, 2. 3. ... m), j= 1. 2 and 3. and ... it considers as the eccentricity in the field shown in m:, for example, drawing 
10 , or a single lens, and a lens group. Drawing ]0 (a) is inclination epsilon[ within the inclination epsilon x within the x-z side 
which shows the definition of the eccentricity of a field and is made with the reference axis of the medial axis of the field on a 
reference axis, and a y-z side ] y. Eccentricity is expressed. Drawing 10 (b) is inclination epsilon[ within the inclination epsilon x 
within the x-z side which shows the definition of the eccentricity of a lens and is made with the medial axis of a lens, and a 
reference axis, and a y-z side ] y. The amount delta x of gaps within the x-z side from the reference axis of the core of the 1 st 
page of a lens, and amount of gaps within y-z side deltay Eccentricity is expressed. DrawingJ 0 (c) shows the definition of the 
eccentricity of a lens group, and is the same as that of drawing 10 (b). Drawin g 10 (d) is inclination epsilon[ within the inclination 
epsilon x within the x-z side made with the reference axis of the medial axis noting that the definition of the eccentricity of 
another lens is indicated to be drawing J 10 (b) and it is rotating focusing on the point P of arbitration (X. Y), and a y-z side ] y. 
Eccentricity is expressed. 

[0027] If the variable value of FiO and the first stage is set to xjO for aij=**Fi/**xj (partial differential) and an early performance- 
index value here Fi **Fi0+sigmaaij (xj-xjO) ... (2) 

It becomes. This Fi What is necessary is just to be able to compute the eccentricity (variable xj) which the image surface 
location Fim which it is as a result of measurement will be approached enough. 

[0028] At Step4. eccentricity (variable) asks for the image point location (performance index FiO) in an initial state (xjO) by the 
real ray trace. 

[0029] In Step5 to Step7. the matrix Aij which uses aij as a component by difference is searched for. Variation **Fi/**xj [ as 
opposed to / where one eccentricity (variable xi) is changed minutely, perform a real ray trace, and / the unit variation of one 
eccentricity ] of an image point location (performance index Fi) It asks. 

[0030] In Step8. it asks for the image point location (performance index Fi) after the variation of eccentricity (variable xi), and 
change by optimization processing. 

[0031] The image point location (performance index Fi) which was able to be found by optimization is compared with the image 
surface location Fim which it is as a result of measurement, and Step9 estimates whether it is a condition near enough. When it 
is not in sufficient condition, the image point location after optimization (performance index Fi) and eccentricity (variable xj) are 
transposed to an initial state (a performance index iO, variable xjO) by Step 10, respectively, and it returns to processing of Step5. 
Processing is ended when [ which is in condition sufficient by Step9 ] it evaluates. 

[0032] In the above processing, the reflected light from a test optical system is measured with the conventional autocollimation 
method. Incidence of the flux of light is carried out from the front of a test optical system, and the image formation location (an 
image point location or center-of-gravity location) of the reflected light from a measuring plane is measured. The amount of a 
specimen plane is calculated by making the measured location into a performance index and performing the above processing by 
making eccentricity of a specimen plane into a variable. In addition to optical system, the eccentricity which was able to be found 
performs eccentricity calculation processing of the next field as data of optical system. It processes the 1 st page at a time in 
order on the rear face from the front face. If the processing is illustrated, it will become like drawing 5. 

[0033] Moreover, with an autocollimation method, one or more the image point location which can be treated as a performance 
index, center-of-gravity locations of the flux of light, breadth of the flux of light, conditions of a beam of light, etc. are measured 
as an option, and there is also the approach of making it into a performance index. It is possible to compute at once the 
eccentricity of one or more specimen planes made into the variable, a single lens, and a group lens by making into a variable at 
coincidence eccentricity of one or more specimen planes of the range along which light passed at the time of measurement a 
single lens, and a group lens, and performing optimization processing. 

[0034] Moreover, the amount of local paraxials can also be used instead of the amount of paraxials used with the conventional 
autocollimation method. The amount [ / near the criteria beam of light in the unsymmetrical optical system in consideration of 
eccentricity ] of local paraxials is obtained by setting up the criteria beam of light of the arbitration from the light source 52 in 
drawing 7 to the image surface 54, and calculating the breadth of the minute flux of light which spreads near the criteria beam of 
light over the whole system. There are an image formation location, image formation bearing, focal-line bearing, a scale factor, a 
focal distance, a pupil location, a principal point location, a joint location, astigmatism, image surface distortion, an illuminance, 
etc. in the information acquired as an amount of local paraxials (JP.1 1-287947,A), and the precision of the eccentricity of a test 
optical system can be improved by adopting the scale factor of the amount of local paraxials instead of being beta of a formula 
(1). 

[0035] Moreover, radius of curvature r. Spacing d, a refractive index n, etc. of an actual field of the optical system which 
performs the above-mentioned real ray trace may differ from the optical system meant according to the manufacture error etc. 
The data of the optical system which performs a real ray traced are permuted by data, such as the radius of curvature r of the 
field measured in the optical element measurement machine 9 grade of drawing 2 , Spacing d, and a refractive index n. Or data, 
such as the amounts of tolerance, such as manufacture error data, such as the radius of curvature r measured in the optical 
element measurement machine 9 grade of drawing 2 . Spacing d. and a refractive index n, or radius of curvature r. Spacing d. and 
a refractive index n, are added to radius of curvature r. Spacing d. a refractive index n, etc. of a field of optical system. This is 
treated as data of optical system, an actually more near trace result is computed by performing a real ray trace, and the 
precision of the eccentricity calculated can be improved. 
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[0036] Moreover, in an autocollimation method, incidence of the flux of light is carried out so that it may converge on the ball 
center location of a measuring plane-ed. In order to realize this, it may be necessary to measure by moving the interior of 
measurement machine optical system according to a measuring plane-ed. The amount of fluctuation inside the measurement 
machine optical system according to a measuring plane-ed is measured and applied to the optical system which performs the 
above-mentioned real ray trace. By treating this as optical-system data and performing a real ray trace, an actually more near 
trace result is computed and the precision of the eccentricity calculated can be improved. 

[0037] Moreover, there are zoom lenses, such as a camera, an endoscope, and a microscope, etc. in the optical system which 
performs the above-mentioned eccentric measurement evaluation, and analysis using a real ray trace. 
[0038] Next, the example which performs optical system or eccentric measurement of an optical element evaluation, and 
analysis using a real ray trace is shown in drawin g 1 1 and drawin g 13 . 

[0039] Drawing 1 1 is drawing showing the example which applied the real ray trace to the aspheric surface eccentricity 
measurement machine using the oblique incidence method shown in JP.7-1 20218.A and JP.9-222380.A. and raised precision. The 
condition that the condition and drawin g 1 1 R> 1 (b) to which drawing 1 1 (a) made the incidence of the flux of light carry out near 
the optical axis of the aspheric surface 1 20 made the incidence of the flux of light carry out aslant to the periphery of the 
aspheric surface 120 is shown. The flux of light reflected on the front face of the aspheric surface 120 progresses with a mirror 
111, the projection lens 103, a beam splitter 1 15. the microscope objective lens 105. the triangular prism 134. and a zoom lens 
106. and in any case, the luminescent spot comes and it carries out image formation to CCD camera 107. Although the 
luminescent spot of the flux of light which has reflected on CCD camera 107 will draw a curve and will turn around it on CCD 
camera 107 if the aspheric surface 120 is rotated, it can incline with eccentric deltar of the aspheric surface 120 of a tested 
aspherical lens 121 in analyzing the locus of this luminescent spot and can ask for epsilonr with that azimuth epsilontheta and 
deltatheta. 

[0040] However, in an above-mentioned patent of two affairs, since paraxial count and the paraxial count based on local 
curvature were used for analyzing a locus, it was not necessarily able to be said that it was accurate. 

[0041] So, at this invention, it is the optical design data of all the fields of the optical system of the eccentric measurement 

machine 141, i.e.. rxadius of curvature of each field, (in the case of the aspheric surface, it is the equation of a field). 

d: Distance n to the next field : input the refractive index of a medium into the computer 150, and calculate the optimum value of 

epsilonr. deltar and epsilontheta whose locus of the luminescent spot which carried out the real ray trace to the locus when 

rotating the tested aspherical lens 121 observed with CCD camera 107 by making azimuth epsilontheta of epsilonr and deltar and 

deltatheta into a variable at epsilonr of a tested aspherical surface and deltar list corresponds, and deltatheta. 

[0042] If it does in this way, it can do [ asking for epsilonr. deltar, epsilontheta, and deltatheta with a precision more sufficient 

than the analysis in a paraxial ray, or ]. 

[0043] In addition, the sign 149 in drawing is a digital disposal circuit which processes the output of CCD camera 107, and a sign 
151 is TV monitor. 

[0044] epsilonx =epsilon r-cosepsilonthetaepsilony =epsilon r-sinepsilonthetadeltax =delta r—cosdeltathetadeltay since it is =delta 
r-sindeltatheta — instead of [ of epsilonr. deltar, epsilontheta, and deltatheta ] — the component epsilon x of eccentricity, 
epsilony, delta x. and deltay You may ask. 

[0045] The definition of the above-mentioned epsilonr, deltar. epsilontheta, and deltatheta is shown in drawing 12 . 
[0046] Next drawing 13 is drawing showing the example of the centering microscope 160 which used the real ray trace, and this 
centering microscope 160 is used when joining investigating the eccentricity of each lens for eccentric measurement of one lens, 
the eccentric measurement of the 1 st page of a lens, and junction of two or more lenses. 

[0047] the light which came out of the light source 161 in this centering microscope 160 — the pinhole 162 of a target the 

lighting lens 163. and a beam splitter (half prism) 115 — a passage — un incidence is carried out to **** 164. The flux of 

light reflected by non-**** 164 progresses with the optical system 102 which has a beam splitter (half prism) 1 15 and the 
variable power system 171. a half mirror 167, and the image formation lens 166. serves as the luminescent spot and carries out 
image formation to CCD camera 107. When rotating a tested lens 165, it can ask for the eccentricity of non-**** 164 from the 
location or locus of the luminescent spot on CCD camera 107. Instead of CCD camera 107, from the location or locus of the 
luminescent spot on a reticle 168. it may observe by the eye 170 through an ocular 169, and you may ask for the eccentricity of 
non-**** 1 64. 

[0048] Here, the image with the lighting lens 163 of a pinhole 162 may not be made into the ball center of non-**** 164, but it 
may be made in the location from which it separated from the ball center, and pVawing. 1313 is illustrating such a case. It is called 
condition of inequality twice image formation. Similarly, it can ask for the eccentricity of the fields 172, 173. and 174 of the lower 
part of non-**** 1 64. 

[0049] In order to have asked for specimen plane ****** from the location or locus of the luminescent spot, it was analyzing in 
the paraxial theory conventionally. However, it was a little inaccurate because of the aberration (especially distortion aberration) 
of the optical system of the centering microscope 1 60. So, at this invention, it is r.radius of curvature (in the case of the 
aspheric surface, it is the equation of a field) of each field of the optical system of the centering microscope 160. 
d: Distance n to the next field : the refractive index of a medium is inputted into the computer 150, and the eccentricity of non- 
**** 164 can be known by asking for the eccentricity of non-**** 164 in which the location of the luminescent spot which 
carried out the real ray trace to the location or locus of the luminescent spot on CCD camera 107 carries out abbreviation 
coincidence. 

[0050] Next, the example of eccentric measurement in case the lens side which consisted of the aspheric surfaces is included in 
the lens system which has two or more pages is shown. The parameter with which the aspheric surface shifts from inclination 
epsilon of a lens side since the aspheric surface shaft decided uniquely exists, and the eccentricity of an amount delta is 
expressed is needed. The parameter showing eccentricity may be expressed with the component (epsilon x and epsilony) of the 
2-way with which intersect perpendicularly with an optical axis and a 2-way and each cross at right angles, and (delta x and 
deltay). Moreover, as the definition of the eccentricity of the aspheric surface is shown in drawing 12 . a polar coordinate 
(epsilonr. epsilontheta) etc. is sufficient (deltar, deltatheta). What is necessary is just to make it be the following in quest of the 
parameter showing such eccentricity. 

[0051] Since the optical intensity distribution of the reflected image of an index in case it inclines to this field and there is 
epsilon generally differ from the optical intensity distribution of the reflected image of an index in case it shifts to this field and 
there is an amount delta when the lens side which it is going to measure is the aspheric surface. It can shift from inclination 
epsilon of a measuring plane-ed by making the optical intensity distribution of the reflected image of the measured index into 
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desired value, for example, an amount delta can be made into a variable, a real ray trace or a paraxial-ray trace can be 
performed, and it can ask for the parameter showing eccentricity by inclining, shifting from epsilon and optimizing an amount 
delta. 

[0052] The above-mentioned optical intensity distribution mean the configuration of the luminous-intensity distribution detected 
with the detector, and the luminous-intensity distribution calculated geometrical optics-wise or in wave optics. 
[0053] Moreover, what is necessary is just to ask for at least one parameter needed in the parameter showing eccentricity, in 
order to evaluate a test optical system. 

[0054] Moreover, in drawing 7 , incidence only of some beams of light is carried out to a test optical system in the flux of light 
injected from the light source 52. Change variously the include angle of this beam of light and optical axis to make, and the 
location of the beam of light reflected from a specimen plane to each include angle is detected. A real ray trace or a paraxial-ray 
trace can be performed to each condition, and it can ask for the parameter showing eccentricity also by inclining, shifting from 
epsilon and optimizing an amount delta so that the difference of the location of the beam of light measured in all conditions and 
the beam-ofHight location for which it asked with ray tracing may become small. 

[0055] Moreover, as shown in drawing 14 , point light source **** is made from the micro-lens array 62. An image sensor 65 
detects the light which projected it on the specimen plane 61 with the projection lens 63. and was reflected or refracted by the 
specimen plane 61 through a half mirror 64 (when making it reflect by the specimen plane 61). Obtain the image of each point 
light source which is illustrated to drawing J [5 , and a real ray trace or a paraxial-ray trace is performed for the purpose of the 
location of each point light source image. It can ask for the parameter showing eccentricity also by inclining, shifting from epsilon 
and optimizing an amount delta so that the difference of the location of the point light source image measured in all conditions 
and the location of the point light source image for which it asked with ray tracing may become small. 

[0056] As shown in drawjng 1J5 . moreover, as an application of the Shack-Hartmann method Lead the light which penetrated an 
analyzed light study component or optical system 71 to the micro-lens array 73 through a collimate lens 72. and a point group is 
made. An image sensor 75 detects the point group through a relay lens 74, and a real ray trace or a paraxial-ray trace is 
performed for the purpose of the location of each point image. It can ask for the parameter showing eccentricity also by shifting 
from inclination epsilon of each field and optimizing an amount delta so that the difference of the location of the point light 
source image measured in all conditions and the location of the point light source image for which it asked with ray tracing may 
become small. 

[0057] Moreover, it sets to a lens simple substance including the aspheric surface which it is going to measure, and is 
eccentricity between fields epsilonL between the front face of a lens, and a rear face. When obtained with the eccentricity 
measurement machine between fields etc. It inclines to the optical axis of the shaft in a front face and a rear-face simple 
substance, and shifts from epsilon (respectively epsilon 1 and epsilon 2). An amount delta (respectively delta 1 and delta 2) an 
index — a reflected image — measurement — from — obtaining — having had — a front face — an inclination — an amount — 
epsilon — one — ' — a rear face — an inclination — an amount — epsilon — two — * — and — epsilon — L — and — a front 
face — paraxial — radius of curvature — R — one — a rear face — paraxial — radius of curvature — R — two — a lens — 
thickness — T — from — a front face — a rear face — an inclination — epsilon — shifting — an amount delta — as follows — 
being calculable . in addition — eccentricity — expressing — a parameter — epsilon — one — epsilon — two — epsilon — one 

- ' — epsilon — two — ' — epsilon — L — delta — one — delta — two x and y — each component is expressed. 
[0058] 

epsilonl -epsilon 1 +delta1 / R1 ... (3) 
epsilon2'=epsilon2+delta2 / R2 ... (4) 

epsilon2 =epsilon1+epsilonl (5) 

delta2 =delta1+Tepsilon1 ... (6) 

Formula (3) From - (6) deltal =(R1 R2+R1 T) epsilonl '/(R2-R1+T) 

- R1 R2/(epsilon2' - epsilonL) (R2-R1+T) ... (7) 
delta2 =R1 R2 epsilonl '/(R2-R1+T) 

- R1 R2-R2 T(epsilon2' - epsilonL)/(R2-R1+T) 

... (8) 

epsilonl =-R1 epsilonl '/(R2-R1+T) 

+ R2/(epsilon2' - epsilonL) (R2-R1+T) ... (9) 

epsilon2 =epsilon1'+epsilonL ... (10) 

It is count based on the paraxial-property of optical system, the above count can calculate eccentricity with the equation of 
equation (7) - (10), and when calculating the eccentricity of each field of a test optical system by the real ray trace, it can also 
calculate the eccentricity between fields of both sides of a lens including the aspheric surface as restraint conditions. 
[0059] In addition, needless to say. even if it uses mathematically an equivalent equation (for example, thing changed into the 
polar coordinate) with equation (7) - (10), it is easy to be natural. 

[0060] By the way, when measurement of each side of the lens system which has two or more pages is performed using an 
autocollimation method ( drawing 7 ) t \ n the location of the image of the center of curvature on the appearance of the field 51 
which it is going to measure, i.e., the center of curvature of the measuring plane 51-ed by which image formation is carried out in 
another field which exists between the measuring plane 51-ed and an observation system When producing the same location as 
the projection location of the index or a light source image, a twice as many reflected image, such as projecting an index or a 
light source image and being based on a specimen plane 51. as this It is possible that the index image or light source image 
reflected from other than the lens side which it is going to measure arises near the index by the lens side 51 which it is going to 
measure, or the light source image. In this case, distinction of the index image by the lens side which which tends to measure, or 
a light source image is difficult. 

[0061] Then, an index or a light source image is projected on the location shifted in the direction which met the optical axis from 
the location of the image of the center of curvature on the appearance of the field which it is going to measure in such a case, 
i.e., the center of curvature of the measuring plane 51-ed by which image formation is carried out in another field which exists 
between the measuring plane 51-ed and an observation system. The situation is shown in drawjng 17 . It corresponds, when the 
light source 52 of drawing 7 or the location of a collimator lens 53 is able to be shifted in accordance with an optical axis. At this 
time, the locations of that reflected image with the location which projected the index or the light source image differ, and a 
scale factor is also no longer actual size. 

[0062] Moreover, the location of the image of the index reflected from other than the above-mentioned lens side 51 which it is 
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going to measure, or a light source image also shifts. Since the amount of gaps of the location of the reflected image by the lens 
side 51 which it is generally going to measure differs from the amount of location gaps of the reflected image from other than the 
lens side which it is going to measure. By detecting the reflected image of the image of the index by which calculates the amount 
of gaps of the image of the index reflected, or a light source image by count from the lens side 51 which it is going to measure, 
and image formation is carried out to this location, or a light source image The index image or light source image by the lens side 
51 which it is going to measure is distinguishable. Moreover, the eccentric accuracy of measurement can be raised rather than 
the case where image formation is carried out by actual size, by making the absolute value of the scale factor of the reflected 
image of the index to project the index to a light source image, or a light source image larger than 1 . Moreover, the approach of 
detecting the beam of light refracted by the specimen plane instead of the beam of light reflected by the specimen plane may be 
used. 

[0063] Next the example which performs refractive-index distribution measurement evaluation, and analysis of an optical 
element using a real ray trace is explained using drawing 18 R> 8. 

[0064] The laser light from the helium-Ne laser 81 is divided into two optical paths by the beam splitter 82. incidence of one side 
is carried out to the analyzed light study component 83. it remains, while incidence is carried out to the criteria optical system 84 
with the optical-character ability as the design value of the analyzed light study component 83. and the flux of light which 
penetrated both optical system is compounded by the beam splitter 85. and it projects so that an interference fringe may occur 
on a screen 86. The image of an interference fringe is incorporated with a television camera, it inputs into a computer, stripes are 
analyzed, and the phase contrast distribution within the flux of light on a screen 86 is searched for. 

[0065] The phase contrast distribution measured by such equipment corresponds to the wave aberration in the exit pupil side at 
the time of carrying out incidence of the parallel flux of light to the analyzed light study component 83. 

[0066] genera! — refractive-index distribution n(r) =n0+n2 r2+n4 r4+n6 r6+ (11) 

It can be expressed with a ** form. 

[0067] It is the multiplier n2 of a formula (1 1), n4. and n6 so that the wave aberration calculated by the real ray trace may 
become equal to the measured wave aberration, when thickness of the direction of an optical axis of the analyzed light study 
component 83 cannot disregard crookedness of the beam of light within the analyzed light study component 83 small enough. It 
considers as a variable and refractive-index distribution is optimized. 

[0068] In this case, if so small that it is thought that gap from the injection wave front at the time of carrying out incidence of 
the parallel light to the criteria optical system 84 of the injection wave front at the time of carrying out incidence of the parallel 
light to the analyzed light study component 83 is measured and the aberration of the criteria optical system 84 can be 
disregarded The gap from the injection wave front at the time of carrying out incidence of the parallel light to the criteria optical 
system 84 of the injection wave front at the time of carrying out incidence of the parallel light to the analyzed light study 
component 83. since a injection wave front turns into the spherical surface is in agreement with the wave aberration at the time 
of carrying out incidence of the parallel light to the analyzed light study component 83. 

[0069] Therefore, as a variable which makes an initial state a design value for each refractive-index distribution factor of the 
medium which defined the refractive-index distribution configuration by the formula (11). a real ray traced is performed, and if it 
optimizes so that fitting of the injection wave front i.e., the wave aberration, may be carried out to measured value, each 
multiplier will be obtained. 

[0070] The optical element of the above this invention or the eccentric measuring method of optical system can be constituted 
as follows. 

[0071] [1] The eccentric measuring method, the measurement machine, or the measured thing of the optical element which 
carries out incidence of the light to a measuring beam-ed study component or optical system, and is characterized by calculating 
the eccentricity of said optical element or optical system by measuring the condition of the light injected from the optical 
element or optical system, and using a real ray trace from the measured value, or optical system. 

[0072] [2] The eccentric measuring method, the measurement machine, or the measured thing of the optical element which 
carries out incidence of the beam of light to a measuring beam-ed study component or optical system, and is characterized by 
calculating the eccentricity of said optical element or optical system by measuring the condition of a beam of light of being 
injected from the optical element or optical system, and using a real ray trace from the measured value, or optical system. 
[0073] [3] The eccentric measuring method, the measurement machine, or the measured thing of the optical element which 
carries out incidence of the flux of light to a measuring beam-ed study component or optical system, and is characterized by 
calculating the eccentricity of said optical element or optical system by measuring the condition of the flux of light of being 
injected from the optical element or optical system, and using a real ray trace from the measured value, or optical system. 
[0074] [4] A means to carry out incidence of the light to the specimen plane in an analyzed light study component or optical 
system. A photodetection means to detect the light in which the light was reflected or refracted from the specimen plane in an 
analyzed light study component or optical system. In the eccentric measurement machine which measures the eccentricity of 
each side of the optical element which consists of the optical elements or optical system which lead the light reflected or 
refracted by said specimen plane to said photodetection means, or optical system From the measuring plane-ed in said optical 
element or optical system, based on the design value or measured value of the optical element to said photodetection means, or 
all the optical elements of optical system The eccentric measuring method, the measurement machine, or the measured thing of 
the optical element characterized by calculating the eccentricity of a specimen plane to which ray tracing is calculated and the 
condition of the light in said photodetection means becomes equal to the condition of the measured light by count, or optical 
system. 

[0075] [5] A means to carry out incidence of the beam of light to the specimen plane in an analyzed light study component or 
optical system. A beam-ofHight detection means to detect the beam of light with which the beam of light was reflected or 
refracted from the specimen plane in an analyzed light study component or optical system. In the eccentric measurement 
machine which measures the eccentricity of each side of the optical element which consists of the optical elements or optical 
system which lead the beam of light reflected or refracted by said specimen plane to said beam-of-light detection means, or 
optical system From the measuring plane-ed in said optical element or optical system, based on the design value or measured 
value of the optical element to said beam-of-light detection means, or all the optical elements of optical system The eccentric 
measuring method, the measurement machine, or the measured thing of the optical element characterized by calculating the 
eccentricity of a specimen plane to which ray tracing is calculated and the condition of the beam of light in said beam-of-light 
detection means becomes equal to the condition of the measured beam of light by count, or optical system. 
[0076] [6] A means to carry out incidence of the flux of light to the specimen plane in an analyzed light study component or 
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optical system. A flux of light detection means to detect the flux of light in which the flux of light was reflected or refracted from 
the specimen plane in an analyzed light study component or optical system. In the eccentric measurement machine which 
measures the eccentricity of each side of the optical element which consists of the optical elements or optical system which 
lead the flux of light reflected or refracted by said specimen plane to said flux of light detection means, or optical system From 
the measuring plane-ed in said optical element or optical system, based on the design value or measured value of the optical 
element to said flux of light detection means, or all the optical elements of optical system The eccentric measuring method, the 
measurement machine, or the measured thing of the optical element characterized by calculating the eccentricity of a specimen 
plane to which ray tracing is calculated and the condition of the flux of light in said flux of light detection means becomes equal 
to the condition of the measured flux of light by count, or optical system. 

[0077] [7] The eccentric measuring method, the measurement machine, or the measured thing of the optical element 
characterized by performing a real ray trace by an optical element or optical system including the optical element of a measuring 
beam-ed study component, optical system, or a measurement machine, or the manufacture error of optical system, or optical 
system. 

[0078] [8] The eccentric measuring method, the measurement machine, or the measured thing of the optical element 
characterized by performing a real ray trace by the optical element or optical system which measured the optical element of a 
measurement machine, or the amount of fluctuation inside optical system, and took the amount of fluctuation into consideration, 
or optical system. 

[0079] [9] The eccentric measuring method, the measurement machine, or the measured thing of the optical element 
characterized by performing a real ray trace by the optical element or optical system containing the eccentricity which measured 
the 1st page at a time from the optical element or the front face of optical system, calculated eccentricity, and was before 
calculated in respect of the degree, and calculating the eccentricity of the field, or optical system. 

[0080] [10] The eccentric measuring method, the measurement machine, or the measured thing of the optical element of three 
given in any 1 term from the above 1 characterized by performing solution method processing of the equation which made the 
unknown desired value and eccentricity of the field to search for for said measured value using a real ray trace, or optical 
system. 

[0081] [1 1] The eccentric measuring method, the measurement machine, or the measured thing of the optical element of three 
given in any 1 term from the above 1 characterized by performing solution method processing of the equation which made the 
unknown two or more fields [ measured value / said ] on the basis of the location of desired value and arbitration, or the shaft of 
arbitration, or eccentricity of a lens group using a real ray trace, or optical system. 

[0082] [12] The eccentric measuring method, the measurement machine, or the measured thing of an optical element the above 
10 characterized by using optimization processing for calculation of said unknown, or given in 1 1. or optical system. 
[0083] [13] The eccentric measuring method, the measurement machine, or the measured thing of the optical element of 12 
above-mentioned publication characterized by making wave optics-point intensity distribution into a performance index, or 
optical system. 

[0084] [14] The eccentric measuring method, the measurement machine, or the measured thing of the optical element 
characterized by the image formation relation in the case of measuring the image of the flux of light using any of actual size 
image formation or inequality twice image formation they are. or optical system. 

[0085] [15] autocollimation-method [ using the amount of local paraxials ]. or inequality twice — the optical element 
characterized by calculating eccentricity by the period of the imitative law after the Buddha's decease, the eccentric measuring 
method of optical system, a measurement machine, or the measured thing. 

[0086] [16] The eccentric measuring method, the measurement machine, or the measured thing of the optical element which 
makes a variable eccentricity of the measuring plane-ed which is the aspheric surface by making the measured optical intensity 
distribution or the location of a reflected image of an index into desired value, and is characterized by calculating at least one 
eccentricity by performing ray tracing and optimizing eccentricity, or optical system. 

[0087] [17] The eccentric measuring method, the measurement machine, or the measured thing of the optical element which 
makes a variable the inclination and the amount of biases of a measuring plane-ed which are the aspheric surface by making the 
measured optical intensity distribution or the location of an opposite image of an index into desired value, and is characterized by 
to ask for the parameter with which at least one eccentricity is expressed in each element of an inclination and the amount of 
biases by performing ray tracing and optimizing an inclination and the amount of biases, or optical system. 

[0088] [18] Make the measured optical intensity distribution or the location of a reflected image of an index into desired value. 
By optimizing the inclination and the amount of biases of the 2-way with which make into a variable the inclination and the 
amount of biases of a 2~way with which intersect perpendicularly with the optical axis of the measuring plane-ed which is the 
aspheric surface, and the amount and each cross at right angles, perform ray tracing, and intersect perpendicularly with an 
optical axis, and a 2-way and each cross at right angles The eccentric measuring method, the measurement machine, or the 
measured thing of the optical element characterized by asking for the parameter showing at least one eccentricity of the 
inclination of a 2-way. and the amount of biases with which intersect perpendicularly with an optical axis and eccentricity and 
each cross at right angles, or optical system. 

[0089] [19] Carry out incidence of the beam of light to a measuring beam-ed study component or optical system, and change 
variously the include angle of this beam of light and optical axis to make. By optimizing eccentricity so that the difference of the 
location of the beam of light which detected the location of the beam of light reflected or refracted from a specimen plane to 
each include angle, and was measured in all conditions, and the beam-of-light location for which it asked with ray tracing may 
become small The eccentric measuring method, the measurement machine, or the measured thing of the optical element 
characterized by calculating at least one eccentricity, or optical system. 

[0090] [20] Carry out incidence of the beam of light to a measuring beam-ed study component or optical system, and change 
variously the include angle of this beam of light and optical axis to make. By optimizing an inclination and the amount of biases so 
that the difference of the location of the beam of light which detected the location of the beam of light reflected or refracted 
from a specimen plane to each include angle, and was measured in all conditions, and the beam-of-light location for which it 
asked with ray tracing may become small The eccentric measuring method, the measurement machine, or the measured thing of 
the optical element characterized by asking for the parameter showing at least one eccentricity of an inclination and the amount 
of biases, or optical system. 

[0091] [21] Carry out incidence of the beam of light to a measuring beam-ed study component or optical system, and change 
variously the include angle of this beam of light and optical axis to make. So that the location of the beam of light reflected or 



http://www4.ipdl. ncipi.go.jp/cgi-bin/tran_web^cgi_ejje 



2005/08/1 1 



JP.2002-048673.A [DETAILED DESCRIPTION] 



8/13 



refracted from a specimen plane to each include angle may be detected and the difference of the location of the beam of light 
measured in all conditions and the beam-of-light location for which it asked with ray tracing may become small By optimizing the 
inclination and the amount of biases of the 2-way with which intersect perpendicularly with an optical axis and a 2-way and each 
cross at right angles The eccentric measuring method, the measurement machine, or the measured thing of the optical element 
characterized by asking for the parameter showing at least one eccentricity of the inclination of a 2-way, and the amount of 
biases with which intersect perpendicularly with an optical axis and eccentricity and each cross at right angles, or optical system. 

[0092] [22] the inside of optical system, or the aspheric lens of a simple substance — setting — known eccentricity between 
fields epsiionL between the front face of a lens, and a rear face h uses, amount of inclinations epsilonl' of the front face 
obtained from measurement of the reflected image of an index, and the amount epsilon 2 of inclinations on the back — ' — And 
epsiionL and the front paraxial radius of curvature R1. and the paraxial radius of curvature R2 on the back. It is the inclination 
epsilon 1 of a front face and a rear face by the formula of the equivalent to the formula or mathematics target of the following 
[ thickness / T / lens ]. epsilon 2 and the amount delta 1 of biases delta 2 The eccentric measuring method, the measurement 
machine, or the measured thing of the optical element characterized by calculating, or optical system. 
[0093] 

dertal =(R1 R2+R1 T) epsilon 1V(R2-R1+T) 

- R1 R2/(epsilon2' - epsiionL) (R2-R1+T) ... (7) 
delta2 =R1 R2 epsilon 1Y(R2-R1+T) 

- R1 R2-R2 T(epsilon2' - epsilonL)/(R2-R1+T) 

... (8) 

epsilonl =-R1 epsilon1'/(R2-Rl+T) 

+ R2/(epsilon2* - epsiionL) (R2-R1+T) ... (9) 

epsilon2 =epsilon1'+epsilonl (10) 

[23] The eccentric measuring method, the measurement machine, or the measured thing of the optical element which makes 
eccentricity between the field restraint conditions using the known eccentricity between fields between the front face of a lens, 
and a rear face, and is characterized by asking for the parameter with which eccentricity is expressed using a real ray trace in 
the inside of optical system, or the spherical surface or the aspheric lens of a simple substance, or optical system. 
[0094] [24] the field which it is going to measure — applying — the upper center of curvature — that is An index is projected on 
the location shifted in the direction which met the optical axis from the location of the image of the center of curvature of the 
measuring plane-ed by which image formation is carried out in another field which exists between a measuring plane-ed and the 
observation system of an eccentric measurement machine. The eccentric measuring method, the measurement machine, or the 
measured thing of the optical element characterized by detecting the reflected image of the image of the index by which 
calculates the amount of gaps of the image of the index reflected by count from the lens side which it is going to measure, and 
image formation is carried out to this location, or optical system. 

[0095] [25] The eccentric measuring method, the measurement machine, or the measured thing of the optical element of 24 
above-mentioned publication characterized by the absolute value of the scale factor of the reflected image of the index to the 
index to project making it larger than 1 , or optical system. 

[0096] [26] The eccentric measuring method, the measurement machine, or the measured thing of an optical element the above 
24 characterized by using a real ray trace, or given in 25. or optical system. 

[0097] [27] The light source and a means to divide the light from the light source into two or more point light source groups. A 
means to project said point light source **** near the specimen plane, and a detection means to detect said point light source 
**** reflected thru/or refracted by said specimen plane. It has a means to lead said point light source **** reflected thru/or 
refracted by said specimen plane to said detection means. The eccentric measuring method, the measurement machine, or the 
measured thing of the optical element characterized by asking for the parameter with which a paraxial-ray trace or a real ray 
trace is performed based on the location of detected point light source ****, and the eccentricity of said specimen plane is 
expressed, or optical system. 

[0098] [28] The eccentric measuring method, the measurement machine, or the measured thing of the optical element 
characterized by to ask for the parameter with which it has a means divide into two or more point light source **** the light 
which penetrated an optical element or optical system, a detection means detect said point light source and a means lead 

said point light source **** to said detection means, a paraxial-ray trace or a real ray trace is performed based on the location 
of detected point light source **** and the eccentricity of said specimen plane expresses, or optical system. 
[0099] [29] The light source and a means to divide the light from the light source into two or more flux of light groups. A means 
to project said flux of light group near the specimen plane, and a detection means to detect said flux of light group reflected 
thru/or refracted by said specimen plane, It has a means to lead said flux of light group reflected thru/or refracted by said 
specimen plane to said detection means. The eccentric measuring method, the measurement machine, or the measured thing of 
the optical element characterized by asking for the parameter with which a paraxial-ray trace or a real ray trace is performed 
based on the location of the detected flux of light group, and the eccentricity of said specimen plane is expressed, or optical 
system. 

[0100] [30] The eccentric measuring method, the measurement machine, or the measured thing of the optical element 
characterized by to ask for the parameter with which it has a means divide into two or more flux of light groups the light which 
penetrated an optical element or optical system, a detection means detect said flux of light group, and a means lead said flux of 
light group to said detection means, a paraxial-ray trace or a real ray trace perform based on the location of the detected flux of 
light group, and the eccentricity of said specimen plane expresses, or optical system. 

[0101] [31] The eccentric measuring method, the measurement machine, or the measured thing of the optical element of 30 
given in any 1 term from the above 1 characterized by being aimed at the optical system of zoom lenses, such as a camera, an 
endoscope, and a microscope, or optical system. 

[01 02] [32] The storage characterized by recording the art of 30 given in any 1 term in a machine-readable form from the above 

1. 

[0103] [33] The eccentric measurement processor characterized by using the art of 30 given in any 1 term from the above 1. 
[01 04] [34] The eccentric measuring method, the measurement machine, or the measured thing of the optical element 
characterized by the computer which controls a measurement machine and the computer which performs a real ray trace being 
the same, or optical system. 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 



2005/08/11 



JP,2002-048673,A [DETAILED DESCRIPTION] 



9/13 ^— zs 



[0105] [35] The physical quantity measuring method, the measurement machine, or the measured thing of the optical element 
which carries out incidence of the light to a measuring beam-ed study component or optical system, and is characterized by 
calculating the physical quantity of said optical element or optical system by measuring the condition of the light injected from 
the optical element or optical system, and using a real ray trace from the measured value, or optical system. 
[0106] [36] The physical quantity measuring method, the measurement machine, or the measured thing of the optical element 
which carries out incidence of the beam of light to a measuring beam-ed study component or optical system, and is 
characterized by calculating the physical quantity of said optical element or optical system by measuring the condition of a beam 
of light of being injected from the optical element or optical system, and using a real ray trace from the measured value, or 
optical system. 

[0107] [37] The physical quantity measuring method, the measurement machine, or the measured thing of the optical element 
which carries out incidence of the flux of light to a measuring beam-ed study component or optical system, and is characterized 
by calculating the physical quantity of said optical element or optical system by measuring the condition of the flux of light of 
being injected from the optical element or optical system, and using a real ray trace from the measured value, or optical system. 
[0108] [38] A means to carry out incidence of the light to the specimen plane in an analyzed light study component or optical 
system. A photodetection means to detect the light in which the light was reflected or refracted from the specimen plane in an 
analyzed light study component or optical system. In the physical quantity measurement machine which measures the physical 
quantity of each side of the optical element which consists of the optical elements or optical system which lead the light 
reflected or refracted by said specimen plane to said photodetection means, or optical system From the measuring plane-ed in 
said optical element or optical system, based on the design value or measured value of the optical element to said 
photodetection means, or all the optical elements of optical system The physical quantity measuring method, the measurement 
machine, or the measured thing of the optical element characterized by calculating the physical quantity of a specimen plane to 
which ray tracing is calculated and the condition of the light in said photodetection means becomes equal to the condition of the 
measured light by count, or optical system. 

[0109] [39] A means to carry out incidence of the beam of light to the specimen plane in an analyzed light study component or 
optical system. A beam-of-light detection means to detect the beam of light with which the beam of light was reflected or 
refracted from the specimen plane in an analyzed light study component or optical system. In the physical quantity measurement 
machine which measures the physical quantity of each side of the optical element which consists of the optical elements or 
optical system which lead the beam of light reflected or refracted by said specimen plane to said beam-of-light detection means, 
or optical system From the measuring plane-ed in said optical element or optical system, based on the design value or measured 
value of the optical element to said beam-of-light detection means, or all the optical elements of optical system The physical 
quantity measuring method, the measurement machine, or the measured thing of the optical element characterized by calculating 
the physical quantity of a specimen plane to which ray tracing is calculated and the condition of the beam of light in said beam- 
of-light detection means becomes equal to the condition of the measured beam of light by count, or optical system. 
[01 10] [40] A means to carry out incidence of the flux of light to the specimen plane in an analyzed light study component or 
optical system, A flux of light detection means to detect the flux of light in which the flux of light was reflected or refracted from 
the specimen plane in an analyzed light study component or optical system. In the physical quantity measurement machine which 
measures the physical quantity of each side of the optical element which consists of the optical elements or optical system 
which lead the flux of light reflected or refracted by said specimen plane to said flux of light detection means, or optical system 
From the measuring plane-ed in said optical element or optical system, based on the design value or measured value of the 
optical element to said flux of light detection means, or all the optical elements of optical system The physical quantity 
measuring method, the measurement machine, or the measured thing of the optical element characterized by calculating the 
physical quantity of a specimen plane to which ray tracing is calculated and the condition of the flux of light in said flux of light 
detection means becomes equal to the condition of the measured flux of light by count, or optical system. 
[01 1 1] [41] The physical quantity measuring method, the measurement machine, or the measured thing of the optical element 
characterized by performing a real ray trace by an optical element or optical system including the optical element of a measuring 
beam-ed study component, optical system, or a measurement machine, or the manufacture error of optical system, or optical 
system. 

[01 12] [42] The physical quantity measuring method, the measurement machine, or the measured thing of the optical element 
characterized by performing a real ray trace by the optical element or optical system which measured the optical element of a 
measurement machine, or the amount of fluctuation inside optical system, and took the amount of fluctuation into consideration, 
or optical system. 

[01 13] [43] The physical quantity measuring method, the measurement machine, or the measured thing of the optical element 
characterized by performing a real ray trace by the optical element or optical system containing the physical quantity which 
measured the 1 st page at a time from the optical element or the front face of optical system, calculated physical quantity, and 
was before calculated in respect of the degree, and calculating the physical quantity of the field, or optical system. 
[01 14] [44] The physical quantity measuring method, the measurement machine, or the measured thing of the optical element of 
37 given in any 1 term from the above 35 characterized by performing solution method processing of the equation which made 
the unknown desired value and physical quantity of the field to search for for said measured value using a real ray trace, or 
optical system. 

[01 15] [45] The physical quantity measuring method, the measurement machine, or the measured thing of the optical element of 
37 given in any 1 term from the above 35 characterized by performing solution method processing of the equation which made 
the unknown two or more fields [ measured value / said ] on the basis of the location of desired value and arbitration, or the 
shaft of arbitration, or physical quantity of a lens group using a real ray trace, or optical system. 

[01 16] [46] The physical quantity measuring method, the measurement machine, or the measured thing of an optical element the 
above 44 characterized by using optimization processing for calculation of said unknown, or given in 45, or optical system. 
[01 1 7] [47] The physical quantity measuring method, the measurement machine, or the measured thing of the optical element of 
46 above-mentioned publication characterized by making wave optics-point intensity distribution into a performance index, or 
optical system. 

[01 18] [48] The physical quantity measuring method, the measurement machine, or the measured thing of the optical element 
characterized by the image formation relation in the case of measuring the image of the flux of light using any of actual size 
image formation or inequality twice image formation they are. or optical system. 

[01 19] [49] Carry out incidence of the beam of light to a measuring beam-ed study component or optical system, and change 
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variously the include angle of this beam of light and optical axis to make. By optimizing physical quantity so that the difference of 
the location of the beam of light which detected the location of the beam of light reflected or refracted from a specimen plane to 
each include angle, and was measured in all conditions, and the beam-of-light location for which it asked with ray tracing may 
become small The physical quantity measuring method, the measurement machine, or the measured thing of the optical element 
characterized by calculating at least one physical quantity, or optical system. 

[01 20] [50] Carry out incidence of the beam of light to a measuring beam-ed study component or optical system, and change 
variously the include angle of this beam of light and optical axis to make. By optimizing an inclination and the amount of biases so 
that the difference of the location of the beam of light which detected the location of the beam of light reflected or refracted 
from a specimen plane to each include angle, and was measured in all conditions, and the beam-of-light location for which it 
asked with ray tracing may become small The physical quantity measuring method, the measurement machine, or the measured 
thing of the optical element characterized by asking for the parameter showing at least one physical quantity of an inclination and 
the amount of biases, or optical system. 

[0121] [51] Carry out incidence of the beam of light to a measuring beam-ed study component or optical system, and change 
variously the include angle of this beam of light and optical axis to make. So that the location of the beam of light reflected or 
refracted from a specimen plane to each include angle may be detected and the difference of the location of the beam of light 
measured in all conditions and the beam-of-light location for which it asked with ray tracing may become small By optimizing the 
inclination and the amount of biases of the 2-way with which intersect perpendicularly with an optical axis and a 2-way and each 
cross at right angles The physical quantity measuring method, the measurement machine, or the measured thing of the optical 
element characterized by asking for the parameter showing at least one physical quantity of the inclination of a 2-way. and the 
amount of biases with which intersect perpendicularly with an optical axis and physical quantity and each cross at right angles, or 
optical system. 

[01 22] [52] the field which it is going to measure — applying — the upper center of curvature — that is An index is projected on 
the location shifted in the direction which met the optical axis from the location of the image of the center of curvature of the 
measuring plane-ed by which image formation is carried out in another field which exists between a measuring plane-ed and the 
observation system of a physical quantity measurement machine. The physical quantity measuring method, the measurement 
machine, or the measured thing of the optical element characterized by detecting the reflected image of the image of the index 
by which calculates the amount of gaps of the image of the index reflected by count from the lens side which it is going to 
measure, and image formation is carried out to this location, or optical system. 

[0123] [53] The physical quantity measuring method, the measurement machine, or the measured thing of the optical element of 
52 above-mentioned publication characterized by the absolute value of the scale factor of the reflected image of the index to the 
index to project making it larger than 1 , or optical system. 

[01 24] [54] The physical quantity measuring method, the measurement machine, or the measured thing of an optical element the 
above 52 characterized by using a real ray trace, or given in 53, or optical system. 

[0125] [55] The light source and a means to divide the light from the light source into two or more point light source groups. A 
means to project said point light source **** near the specimen plane, and a detection means to detect said point light source 
**** reflected thru/or refracted by said specimen plane. It has a means to lead said point light source **** reflected thru/or 
refracted by said specimen plane to said detection means. The physical quantity measuring method, the measurement machine, 
or the measured thing of the optical element characterized by asking for the parameter with which a paraxial-ray trace or a real 
ray trace is performed based on the location of detected point light source and the physical quantity of said specimen 

plane is expressed, or optical system. 

[0126] [56] The physical-quantity measuring method, the measurement machine, or the measured thing of the optical element 
characterized by to ask for the parameter with which it has a means divide into two or more point light source **** the light 
which penetrated an optical element or optical system, a detection means detect said point light source ****, and a means lead 
said point light source **** to said detection means, a paraxial-ray trace or a real ray trace performs based on the location of 
detected point light source ****, and the physical quantity of said specimen plane expresses, or optical system. 
[0127] [57] The light source and a means to divide the light from the light source into two or more flux of light groups. A means 
to project said flux of light group near the specimen plane, and a detection means to detect said flux of light group reflected 
thru/or refracted by said specimen plane. It has a means to lead said flux of light group reflected thru/or refracted by said 
specimen plane to said detection means. The physical quantity measuring method, the measurement machine, or the measured 
thing of the optical element characterized by asking for the parameter with which a paraxial-ray trace or a real ray trace is 
performed based on the location of the detected flux of light group, and the physical quantity of said specimen plane is 
expressed, or optical system. 

[0128] [58] The physical-quantity measuring method, the measurement machine, or the measured thing of the optical element 
characterized by to ask for the parameter with which it has a means divide into two or more flux of light groups the light which 
penetrated an optical element or optical system, a detection means detect said flux of light group, and a means lead said flux of 
light group to said detection means, a paraxial-ray trace or a real ray trace perform based on the location of the detected flux of 
light group, and the physical quantity of said specimen plane expresses, or optical system. 

[0129] [59] The physical quantity measuring method, the measurement machine, or the measured thing of the optical element of 
58 given in any 1 term from the above 35 characterized by being aimed at the optical system of zoom lenses, such as a camera, 
an endoscope, and a microscope, or optical system. 

[0130] [60] The physical quantity measurement processor characterized by using the art of 58 given in any 1 term from the 
above 35. 

[0131] [61] The physical quantity measuring method, the measurement machine, or the measured thing of the optical element 
characterized by the computer which controls a measurement machine and the computer which performs a real ray trace being 
the same, or optical system. 

[0132] [62] The refractive-index distribution pattern measuring method, the measurement machine, or the measured thing of the 
optical element which carries out incidence of the light to a measuring beam-ed study component or optical system, and is 
characterized by asking for said optical element or the refractive-index distribution pattern of optical system by measuring the 
condition of the light injected from the optical element or optical system, and using a real ray trace from the measured value, or 
optical system. 

[0133] [63] The refractive-index distribution pattern measuring method, the measurement machine, or the measured thing of the 
optical element which carries out incidence of the beam of light to a measuring beam-ed study component or optical system, and 
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is characterized by asking for said optical element or the refractive-index distribution pattern of optical system by measuring the 
condition of a beam of light of being injected from the optical element or optical system, and using a real ray trace from the 
measured value, or optical system. 

[0134] [64] The refractive-index distribution pattern measuring method, the measurement machine, or the measured thing of the 
optical element which carries out incidence of the flux of light to a measuring beam-ed study component or optical system, and 
is characterized by asking for said optical element or the refractive-index distribution pattern of optical system by measuring the 
condition of the flux of light of being injected from the optical element or optical system, and using a real ray trace from the 
measured value, or optical system. 

[0135] [65] A means to carry out incidence of the light to the specimen plane in an analyzed light study component or optical 
system. A photodetection means to detect the light in which the light was reflected or refracted from the specimen plane in an 
analyzed light study component or optical system. In the refractive-index distribution pattern measurement machine which 
measures the optical element which consists of the optical elements or optical system which lead the light reflected or refracted 
by said specimen plane to said photodetection means, or the refractive-index distribution pattern of each side of optical system 
From the measuring plane-ed in said optical element or optical system, based on the design value or measured value of the 
optical element to said photodetection means, or all the optical elements of optical system The refractive-index distribution 
pattern measuring method, the measurement machine, or the measured thing of the optical element characterized by asking for a 
refractive-index distribution pattern of a specimen plane with which ray tracing is calculated and the condition of the light in said 
photodetection means becomes equal to the condition of the measured light by count, or optical system. 

[0136] [66] A means to carry out incidence of the beam of light to the specimen plane in an analyzed light study component or 
optical system. A beam-of-light detection means to detect the beam of light with which the beam of light was reflected or 
refracted from the specimen plane in an analyzed light study component or optical system, in the refractive-index distribution 
pattern measurement machine which measures the optical element which consists of the optical elements or optical system 
which lead the beam of light reflected or refracted by said specimen plane to said beam-of-light detection means, or the 
refractive-index distribution pattern of each side of optical system From the measuring plane-ed in said optical element or 
optical system, based on the design value or measured value of the optical element to said beam-of-light detection means, or all 
the optical elements of optical system The refractive-index distribution pattern measuring method, the measurement machine, or 
the measured thing of the optical element characterized by asking for a refractive-index distribution pattern of a specimen plane 
with which ray tracing is calculated and the condition of the beam of light in said beam-of-light detection means becomes equal 
to the condition of the measured beam of light by count, or optical system. 

[0137] [67] A means to carry out incidence of the flux of light to the specimen plane in an analyzed light study component or 
optical system, A flux of light detection means to detect the flux of light in which the flux of light was reflected or refracted from 
the specimen plane in an analyzed light study component or optical system, In the refractive-index distribution pattern 
measurement machine which measures the optical element which consists of the optical elements or optical system which lead 
the flux of light reflected or refracted by said specimen plane to said flux of light detection means, or the refractive-index 
distribution pattern of each side of optical system From the measuring plane-ed in said optical element or optical system, based 
on the design value or measured value of the optical element to said flux of light detection means, or all the optical elements of 
optical system The refractive-index distribution pattern measuring method, the measurement machine, or the measured thing of 
the optical element characterized by asking for a refractive-index distribution pattern of a specimen plane with which ray tracing 
is calculated and the condition of the flux of light in said flux of light detection means becomes equal to the condition of the 
measured flux of light by count, or optical system. 

[0138] [68] The refractive-index distribution pattern measuring method, the measurement machine, or the measured thing of the 
optical element characterized by performing a real ray trace by an optical element or optical system including the optical element 
of a measuring beam-ed study component, optical system, or a measurement machine, or the manufacture error of optical 
system, or optical system. 

[0139] [69] The refractive-index distribution pattern measuring method, the measurement machine, or the measured thing of the 
optical element characterized by performing a real ray trace by the optical element or optical system which measured the optical 
element of a measurement machine, or the amount of fluctuation inside optical system, and took the amount of fluctuation into 
consideration, or optical system. 

[0140] [70] The refractive-index distribution pattern measuring method, the measurement machine, or the measured thing of the 
optical element characterized by performing a real ray trace by the optical element or optical system containing the refractive- 
index distribution pattern for which measured the 1 st page at a time from the optical element or the front face of optical system, 
and asked for the refractive-index distribution pattern, and it asked before in respect of the degree, and asking for the 
refractive-index distribution pattern of the field, or optical system. 

[0141] [71] The refractive-index distribution pattern measuring method, the measurement machine, or the measured thing of the 
optical element of 64 given in any 1 term from the above 62 characterized by performing solution method processing of the 
equation which made the unknown desired value and the refractive-index distribution pattern of a field for which it asks for said 
measured value using a real ray trace, or optical system. 

[0142] [72] The refractive-index distribution pattern measuring method, the measurement machine, or the measured thing of the 
optical element of 64 given in any 1 term from the above 62 characterized by performing solution method processing of the 
equation which made the unknown two or more fields [ measured value / said ] on the basis of the location of desired value and 
arbitration, or the shaft of arbitration, or the refractive- index distribution pattern of a lens group using a real ray trace, or optical 
system. 

[01 43] [73] The refractive-index distribution pattern measuring method, the measurement machine, or the measured thing of an 
optical element the above 71 characterized by using optimization processing for calculation of said unknown, or given in 72, or 
optical system. 

[0144] [74] The refractive-index distribution pattern measuring method, the measurement machine, or the measured thing of the 
optical element of 73 above-mentioned publication characterized by making wave optics-point intensity distribution into a 
performance index, or optical system. 

[0145] [75] The refractive-index distribution pattern measuring method, the measurement machine, or the measured thing of the 
optical element characterized by the image formation relation in the case of measuring the image of the flux of light using any of 
actual size image formation or inequality twice image formation they are. or optical system. 

[0146] [76] Carry out incidence of the beam of light to a measuring beam-ed study component or optical system, and change 
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variously the include angle of this beam of light and optical axis to make. By optimizing a refractive-index distribution pattern so 
that the difference of the location of the beam of light which detected the location of the beam of light reflected or refracted 
from a specimen plane to each include angle, and was measured in all conditions, and the beam-ofHight location for which it 
asked with ray tracing may become small The refractive-index distribution pattern measuring method, the measurement machine, 
or the measured thing of the optical element characterized by asking for at least one refractive-index distribution pattern, or 
optical system. 

[0147] [77] Carry out incidence of the beam of light to a measuring beam-ed study component or optical system, and change 
variously the include angle of this beam of light and optical axis to make. By optimizing an inclination and the amount of biases so 
that the difference of the location of the beam of light which detected the location of the beam of light reflected or refracted 
from a specimen plane to each include angle, and was measured in all conditions, and the beam-ofHight location for which it 
asked with ray tracing may become small The refractive-index distribution pattern measuring method, the measurement machine, 
or the measured thing of the optical element characterized by asking for the parameter showing at least one refractive-index 
distribution pattern of an inclination and the amount of biases, or optical system. 

[0148] [78] Carry out incidence of the beam of light to a measuring beam-ed study component or optical system, and change 
variously the include angle of this beam of light and optical axis to make. So that the location of the beam of light reflected or 
refracted from a specimen plane to each include angle may be detected and the difference of the location of the beam of light 
measured in all conditions and the beam-of-light location for which it asked with ray tracing may become small By optimizing the 
inclination and the amount of biases of the 2~way with which intersect perpendicularly with an optical axis and a 2-way and each 
cross at right angles The refractive- index distribution pattern measuring method, the measurement machine, or the measured 
thing of the optical element characterized by asking for the parameter showing at least one refractive-index distribution pattern 
of the inclination of a 2-way. and the amount of biases with which it intersects perpendicularly with an optical axis, and each 
intersects perpendicularly, or optical system. 

[0149] [79] the field which it is going to measure — applying — the upper center of curvature — that is An index is projected on 
the location shifted in the direction which met the optical axis from the location of the image of the center of curvature of the 
measuring plane-ed by which image formation is carried out in another field which exists between a measuring plane-ed and the 
observation system of a refractive-index distribution pattern measurement machine. The refractive-index distribution pattern 
measuring method, the measurement machine, or the measured thing of the optical element characterized by detecting the 
reflected image of the image of the index by which calculates the amount of gaps of the image of the index reflected by count 
from the lens side which it is going to measure, and image formation is carried out to this location, or optical system. 
[0150] [80] The refractive-index distribution pattern measuring method, the measurement machine, or the measured thing of the 
optical element of 79 above-mentioned publication characterized by the absolute value of the scale factor of the reflected image 
of the index to the index to project making it larger than 1, or optical system. 

[0151] [81] The refractive-index distribution pattern measuring method, the measurement machine, or the measured thing of an 
optical element the above 79 characterized by using a real ray trace, or given in 80, or optical system. 

[01 52] [82] The light source and a means to divide the light from the light source into two or more point light source groups. A 
means to project said point light source **** near the specimen plane, and a detection means to detect said point light source 
**** reflected thru/or refracted by said specimen plane. It has a means to lead said point light source **** reflected thru/or 
refracted by said specimen plane to said detection means. The refractive-index distribution pattern measuring method, the 
measurement machine, or the measured thing of the optical element characterized by asking for the parameter with which a 
paraxial-ray trace or a real ray trace is performed based on the location of detected point light source ****, and the refractive- 
index distribution pattern of said specimen plane is expressed, or optical system. 

[01 53] [83] The refractive-index distribution pattern measuring method, the measurement machine, or the measured thing of the 
optical element characterized by to ask for the parameter with which it has a means divide into two or more point light source 
**** the light which penetrated an optical element or optical system, a detection means detect said point light source ♦***, and 
a means lead said point light source **** to said detection means, a paraxial-ray trace or a real ray trace performs based on the 
location of detected point light source **** and the refractive-index distribution pattern of said specimen plane expresses, or 
optical system. 

[0154] [84] The light source and a means to divide the light from the light source into two or more flux of light groups, A means 
to project said flux of light group near the specimen plane, and a detection means to detect said flux of light group reflected 
thru/or refracted by said specimen plane. It has a means to lead said flux of light group reflected thru/or refracted by said 
specimen plane to said detection means. The refractive-index distribution pattern measuring method, the measurement machine, 
or the measured thing of the optical element characterized by asking for the parameter with which a paraxial-ray trace or a real 
ray trace is performed based on the location of the detected flux of light group, and the refractive-index distribution pattern of 
said specimen plane is expressed, or optical system. 

[0155] [85] A means to divide into two or more flux of light groups the light which penetrated an optical element or optical 
system. It has a detection means to detect said flux of light group, and a means to lead said flux of light group. to said detection 
means. The refractive-index distribution pattern measuring method, the measurement machine, or the measured thing of the 
optical element characterized by asking for the parameter with which a paraxial-ray trace or a real ray trace is performed based 
on the location of the detected flux of light group, and the refractive-index distribution pattern of said specimen plane is 
expressed, or optical system. 

[0156] [86] The refractive-index distribution pattern measuring method, the measurement machine, or the measured thing of the 
optical element of 85 given in any 1 term from the above 62 characterized by being aimed at the optical system of zoom lenses, 
such as a camera, an endoscope, and a microscope, or optical system. 

[0157] [87] The refractive-index distribution pattern measurement processor characterized by using the art of 85 given in any 1 
term from the above 62. 

[0158] [88] The refractive-index distribution pattern measuring method, the measurement machine, or the measured thing of the 
optical element characterized by the computer which controls a measurement machine and the computer which performs a real 
ray trace being the same, or optical system. 
[0159] 

[Effect of the Invention] Since physical quantity is calculated by measuring the condition of the light injected from a measuring 
beam-ed study component or optical system in the optical element of this invention, or the physical quantity measuring method 
of optical system, and using a real ray trace from the measured value so that clearly from the above explanation, it can ask for 
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the parameter showing the physical quantity of the optical system which consists of the simple substance or combination of an 
optical element in a high precision. 

[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3Jn the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] It is drawing for explaining the real ray trace used by the eccentric measuring method of this invention. 

[Drawing 2] It is the block diagram of the processor which enforces the optical element of one example of this invention, or the 

eccentric measuring method of optical system. 

[Drawjng 3] It is the flow chart of the processing performed with the equipment of drawing 2 . 

[E^rayy|ng 4] It is the flow chart which shows the detail of eccentricity calculation processing of drawing 3 . 

[5 ra _yyi n .g„5] It is the flow chart of the processing which performs the 1st page of eccentricity calculation processing of drawjing 4 
at a time on a rear face in order from a front face. 

[Drawing 6] It is drawing showing an example of the measurement machine for measuring the amount of deflections from the 
reference axis of a reflected image. 

[Draw[ng J3 I* is drawing for explaining signs that the amount of deflections from the reference axis of a reflected image is 
measured with an autocollimator. 

flawing ji] It is drawing for explaining an example of the real ray trace for image point location calculation. 

[Drawing 9] It is drawing for explaining an example of the real ray trace for the center-of^gravity location of the flux of light, and 
breadth calculation of the flux of light. 

[Dr awin g 10] They are a lens side, a single lens, and drawing showing the example of a definition of the eccentricity of a lens 
group. 

[Drawing 1 1] It is drawing showing the example which applied the real ray trace method of this invention in the aspheric surface 
eccentricity measurement machine using an oblique incidence method. 

[Drawjng 12] It is drawing showing the definition of eccentricity epsilonr, deltar, epsilontheta. and deltatheta. 
[Drawing 13] It is drawing showing the example of the centering microscope using the real ray trace method of this invention. 
[Pr.ayyj.ng 14] It is drawing showing the arrangement which makes point light source **** from a micro-lens array by this 
invention, and calculates eccentricity. 

[Drawing 15] It is drawing showing the example of the image of each point light source in drawing 14 . 
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L ) / <R2 - Ri + T) • • • (7) 

Ri +T) 

) (E2'- el ) / (R2 -R1 +T) 

• - • (8) 

1 +T) 

/ (R2 -Ri +T) • • • (9) 

• • • (10) 



(7) 
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[0 0 5 9] f9STt)S<, a (7) - (1 

[0 0 6 0] <tC5T\ ISI$St§l/>X^Si 
©aiS$^--haU^-->a>a (07) ^fflUT^ei 

B(CcfcoTS«$tl-2>»;fflS®5 1 <Dffl^**fc(D«flDft 
§IC. }|«gU<li*iB««SKL/. M15 1 

BU^&SMSti&tt*«SL/<a%iBfk^ DSL/ 
«fc5<fr<&U>Xfi&5 1 lc<fc£*B«SU<l«t««tf>i6 

SUJ:5tr*lx>Xffllc«fc«JS««eL<(i*SB«fc^ 

[0 0 61] fCT', C(DJ:p^ii^fCfi. 

0«-7-*H 1 7 IZtf-To |7(D^5 2gL<(j3'J> 

[0 0 6 2] £fc. ±KL/t3iffiU«fc5i:-r4l/>Xil 

n (r) =no + n2 r 2 + n 

[0 0 6 7] tMft%¥X7*8 3<Djfctt*filG>WSfl«-|-# 
lc/jx$ < £:< , »»^t**?- 8 3 rtT*(D*«8(0JBtt^ai 
«T*«:i\»*ICtt, Mx-AICfcoTstJC 

IC. SC ( 1 1 ) (D&gfc n 2 • n 4 , n 6 £^S<!: UTS 

[0 0 6 8] COSS, tlttX¥X?8 3 IC¥fr:ft£A 

AW$1*^^(0WffiK®^t>OXU^;MSLTC\-5<i: 
^bti, 4®iRft;MiltlT*«B'Ji3U' 

tc¥ff**A«st*>t«^o»masai^6oxuii. » 

[0 0 6 9] H«f*#*IEtt*SC (IDT 

(ht^gaiiLT, iJ7;UU-f hU-A£m\ *<D» 



wftofflao-rtiaiaiSLctSct'r-su^xffiia^ 

4U>X®5 1 3^&5MStl«}Sff(Ott«U<tt%aR«k 

U < lift^»<Z)J5lft«£&as-r 4 J: o IZTZ C 
<t"C\ aasi^fcexfrsi/^XBS 1 lc«fc£JiS«SL 

[0 0 6 3] ;^|;, 'J7JH/^hl/-7$fflOT^ 
• fFli ■ »W*ff 5I«S«*. B 1 

8£ffil\Tl&^t£o 

[0064] He-Ne tf- 8 1 3^6© \s- If— ft 
*£— A*!/y 8 2T2O<03fcfclC#fflU — 

*?-8 3<0»Btffliiy<D3t*tt«6*»OB2S3tt*»8 4 

[ooes] coJb3ft««rcj:y»J3E«ti4tt««# 
flrii, »****^8 3 ic2pff*3E*A»faii-fc«^ 

[0 0 6 6] — MftC BtJHWHfitt, 
r4 + ng r6 + (11) 

[0 0 7 0] tt±©*IEM<D***?-Xli*^aKO«^ 
[0 0 7 1 ] [1] ttH£%¥X?-3ltt%¥3Klc%t 

awl. *©**««ii****6**tasn«*o« 
* c <h ic j: y KUBit^jB^xttaie^aioiB^a**** 

ttMS«Xtt3HffStifct)(0. 
[0 0 7 2] C 2 ] ttaXjfc¥iR?Xli%¥Xlc%a 
*AMU *0***?-Xtt3t***6WaiStl**» 
0«B*iBSL, ^(D;fflSffi*fcy »J7VUU-Y KL/-^« 

ffl c <h (Cct y wk*¥*^ xi**¥*<0«*fc«* 
»*ct*«»tr«3t***Xtt**»o«^a** 
axttais«xiiaissti«:t>o. 

[0 0 7 3] C 3 3 «3BS**«^FXI4**»IC*3R 

^asu -tojt^R^xBjt^sR^&wajsnajtiR 

ffl US C <h fC<fc y WIE***^ XI43t**flD«/fc«*5R 

*><5 c ch^^ia^-rspt^^x^^^oii^-jii]^ 



(8) 
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aEXI43HJ£«XI4an:£ $ n/t fctf). 

[0 0 7 4] ( 4 ) ^jt^m^XIJJt^^f 0>&& 
®lC5t*Att3ti-€)^fS<!:. -5"©3t^»«3t^^7.li 
ft^f <D«l*Scfc U £JWX(48#t Ufcft £&£ii-r £>3t 
8dS^t££:. iiuE«&®T-KtlXf4&^£ft/t3fc£iiuE 

fisu<ii»jsfi€@ic, ftHiisiiWits^mv sje 

[0 0 7 5] ( 5 ) *6&ft^l^?XI4ft^m*<Z>ai8 
XI4 it¥JR*©»«H«fc »J £*tXI4S#r LAc:>tlSS5£&a5 

-r^5t$ntai¥is<!:. s5E»&ST-s*txi4/i#T3n£ 

S S tlfc 3t»©«« «k t? U < «: * J: 5 tt»*BBO«&>« 
*traT#»*c£*tt»<fc*Sft¥«*XI4*¥*© 
ffl'C>;JiJS*;* XI4S1SSSX I4;»JS 5 ti^: 
[0 0 7 6] C6) »****^XIiSt*»*0«* 

-r-55t^it¥fs<t. a9iE»«®Tswxi4ja»f$nfc 

***i!9E3fcJRtfta¥«l=»< Tt^^^Xli^t^^T^ 
/SESn*5t¥*^XI4*iJ6*©*lB©fll^*aB*r*fll 
ifc3BS«lcfi^T. ttEX¥*?X(*%¥X*CE>a3UE 
®<fc y ttE3tt3K*lH^S*T©Jfc*«^ XI4**5R©± 

BuE3t^«aj^SICfclt-53t^©ttSP.*«. ;I'J 

ftnv&mtm u < a* £ 5 &«tfta5©S/c>a 

*ttWT:*»*C£*»«£*43lfc***XI45fc¥3R© 

«.c>ais^axi4ai3e«xiijBSsnfcfefl!>. 

[0 0 7 7] (7) »sH!£*¥«^XI4Jte*JRa*l* 

i4»s«©3t**^X(43ti*JR©«iilR«*aA/*:jte¥ 
i-r**^*^xtt*^*ofli^iSft*asXi*ais«x 

[0 0 7 8] [ 8 ) aSa0>%¥K?- X(43fc*JRrt» 
a>ttMB&3H£U MM***Ufc3te***XI4«¥ 

^XI43fe*B©a.fcaS*&XI4*S«X-|43HSS*lfc 



[0 0 7 9] [ 9 ) %¥a?Xf4%¥a0ftfl*> t> 1 
S-ToSlSUTfiii'fiSr^iO. ;*©STI4s5lC^«)>S:<a 

a*xi4*¥B©«.&ajjE*iiX(43Hj£«xi4!!Hj£sn 

[0080] do) aEasaesaa. mtozm 

Ku-^*ffli^Tf7e»c<t**#a<t-r*±Ei *63© 
«tia» i acK©at*jR^ xtt3t¥»©«Hvass»s*x 

(4;MSaXI4a££ft£*a>. 

[0 0 8 1 ] tin BEasa* §11. emrofit 

gXI4ffm«DI4$-S^i LfcSa<DH*-5CM4U>XI¥ 

hU-^*fflOTffpCi**ia<!:-rS±El *>e>3CD 
(5m*> 1 JSEB©3t*JR^ X(43t¥»0«*iBS^X 
l4iMS«X(4sMS $ tlfc t> (0. 

[0082] (12) H3E*»acosajic. m&ittS: 
3aftffli\*ct*»»<tr*±Ei oxi4i ieko* 

¥*?-X(43t^lR©fli.£>3HS*atXI4a8SltXI4a«S 

[0 0 8 3] (13) jfi«l3t^W.«»5Mg5J-ffi*Sffi 
Ma«f*-*C4*««i:r*±El 2EK03tt**fX 
l4*¥3R©Oi4>3HS*aX 14 SWS«X I4;MS 5 tlfc t> 

[0 0 8 4] (14) 5tJ£c0<fi£ ;JWS-f-5iI£ro$g(8i 

««a«tfee«»*tM4weis«ofiFn«»*fflo*c 

£ * «B «h *- * 3t¥ B^ X f 43fc¥S©««fra j£*s*X (4 
3Ba«XI4iMSStifct»0. 

[0 0 8 5] (is) a-tiAft&imzm^rz*- k 

3 'J >-->3 >;iXI4^l?e«;SlC«t yffl»Cffi**»-5 

ci€«»<fc-rs*¥«^xi4ft¥*©«i&3Hje:fratx 
(4aHs«xi4aH£ sntfcro. 

[0 0 8 6] (16) »£3ft£tg«QJEtt«0)%tt 
B»fliXI4ffiB*iaffl£OT. I^D-Cft^ttaiSS 

£Ts**a*xi4**B©ai>2HB*asXi4asax 

l4;ffl^5n^t)CO„ 

[0 0 8 7] (i7) assn&aaaEttaofta 

a#!RX(4ttB*B«ffli:UT, ^SIf*l»»iSI 

o«*t«ya*aai=UT3t«ift*tfiiv ra^tii 
cts^atrs^a^xtt^^ro^aus^sx 

I4SJS«XI4»1S $ tlTt ©. 
[0 0 8 8] (18) 3WS£*i;taB<DE»«©ftB 

8tt*iXI4fiIg£@a{i<»:UT. m*a-?a«ttacB 



(9) 
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C£T\ ^<hil5SL^o^n^n^il5S*r^2^ffi]cr) 

<s^<t<iyfi(D^< <ht>— ocois/C^a-r/t^^-^ 

[0 0 8 9] [19] »3BS***?-Xtt**3RlC* 
Xliffl«***»D4ttBStftau ±T©««lcfcc\T 

< o \zm*isw&&mitTz> ^tx\ 

[0 0 9 0] C 2 0 ] BBX%¥X?'XI2%¥XIC% 
Xteffiiffr£ftlSU0fitfi£«aJU ±T(0ttlfilC*5lvc 

ass tifc*«©ttB £ 3t»ii»T*«>fc3t>wft« <t <d 
»#/h a < & & J: 5 ic« * <t <g y a * mmitt z> c t 

-***»*CttW«t-*-»*i|fc**Xtt**3ISfl!)« 

<5 1 = (Ri R2 +Rl T) ei' 

- Rl R2 ( £ 2 — £ L 
62 =R1 R2 £ i'/ (R2 - R 

- (Ri R 2 -R2 T) 

£ 1 =- R 1 ei'/ (R2 - Rl 
+ R 2 (s 2'-€ L > / 

g 2 = £ r + el 

C2 3] ^^^4 3 Sb<(i*<*cDi*SgU<l^^i*@ 
*»»<tr**¥«^Xtt*¥3R<0«^3BS*J*XttaS 

s*xiiasanfct>io. 

[0 0 9 4] [2 4] »JSU«fcp<frSffi(D*^lt± 
<D«**ifc, rtttoS. tt»SB<h«'b3H£B0>BSX 
<h (DBS (Z^ffiT 3 »JOffi lc J: o tgt a *l£ »;USffl 

ic««a tis««o*<DSftn»*«ka-r * c £ 
^«**j»xi4***co«ifc«ft*axttais«XB 

[0095] c 2 5 ] s«r*»«fc»-r*»«<os 

*±IE2 4EBo*^*^Xtt*^3RO«^aS»a£X 
[0 0 9 6] [2 6] 'J7JUU>f hU-**JBH*C 



ifcaBS»axttas«x(iaH»a*ifct)fl!). 

[0 0 9 1 ] [2 1] »aHS*^*^Xtt*^SRIC3t 

as a n/t3tig(D<ag <t *«it»T3R»fc jt«M&B £ © 

*-T4 2*fi(o«*4ffly»*«a ; fkract-c, 
<t xx u^^n^tuwix-r * 2 *-isj<o«* <td u g 

*«»tr***«^xtt*^*<o«ic>aBs»axtta 
s«x«:3HS*n&t>0>. 

[0 0 9 2] [2 2] #*S*gO<li*tt<0#Sffi 

IHfli«&EL */fllV »*©E»«©3Hatf»&»Stifcm 
®<D<S^S£l\ »H<0«*B£2'« £L .a 

R 2 , L/>X1T^6, JUT©aeL<ld:»^«lcH« 

<oscic«tyHijffiiaffi<o«* £ 1 <t£2 . b<jb*i <t 
62 «itiir«c&«m>&r«%¥iR?xttjfic¥X0[) 
<a^»js*;ix ttMS«x«ass a t> <e> 0 

[0 0 9 3] 

/ (R2 -Rl + T) 

) / (R2 - Rl +T-) • • • (7) 

1 +T) 

(E2' - el > / (R2 - R1 + T) 

• • • (8) 

+ T) 

(R2 — R 1 + T ) ... (9) 

• - ■ (10) 

i*«a<fr^±E2 4Xte2 5EB<&tt¥X*Xlitt: 

**o«^«»^axtt3BS«xtt«satifct)(o. 

[0 0 9 7] [2 7] *5B<t, 
jfl*»BBlc»«***¥»<fc % IMEjAXSBWtMftfl 

»*«ii»Sl/<li'J7;H/>f H/-7«ffCV buE» 

%¥X?xi±%¥X9fl<bss*2XttB£BXttB3E 

[0 0 9 8] [2 8] ft¥*?BU<(*%¥XCBil 

s«s¥€«iajf ^*ai^s<t. mEjfi%a«w*MEtt 

fflE»*iio«*t*a-r/t^>-^*3c«{>«ct* 
watr«3t^«?-xtt3t^3R<D«^aya*axttaBK 
«xtt3usanfct>o. 
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[0 0 9 9] C 2 9 ) ft%k£, KMfrZOXZm&O) 

& m £ wzttm<D®.w.* s iz&st>->tm&&m u < b y 
7 < /H"f f!uE«rt£®©(i-c>£S-rA5 
> - * € #© * c <h £«a* t ytmm^x b#^s© 

d.C«;ffJ;£*;£X BflSttX f*3UE s nrc t> (D„ 
[0 10 0] (3 0) 3t^il-?-gL<«3t^*2a 

*m-r*«a*«t. iiiiE#s»*i»E*iij¥«f::8»< 

iB»SL<ttyrJUU-f hU-^SWV SuEiSfc®© 

few. 

[oioi] C3 1) ^>7. am. astsnox 

±E 1 *»6 3 0 ©{Bjn# 1 HEt!©^^ XBft^ifi 
[0 10 2] (3 2) ±E 1 #6. 3 0 ©ffi+lfr 1 HE 

SEItMt*. 

[0 10 3] (3 3) ±ffild>63 0OMn*iaS 

warn. 

[0104] (34) 3BS«|*«Wr43>ta-* 
iUyjUU-f hU-*£ft?3>ea.-*'<*:#lB|— 

5 c t *«atr*jt**?-xtt3fle^*©flii»aHS^at 

Xli38S«Xri3BSSnfct>©. 
[0 10 5] (3 5) »3B3E3t^*?-Xtt3t^3RC3t 

SrAttu. -t©3t**^xi4*^»a>e>«aan*3to 

l^ci IC«fc U ffiE%¥X?-XfS*¥X0«13S£&» 
3 C i r « Jt¥*? X(i5t^»©*31«aHS* 

atXtt«s«x(*jiiKsnfc*o. 

[0 10 6] (3 6) «3HJEJt**^XI*Jt^*l=3t 
i&g£AJttU. *©Jfc¥*^XttJM6*Jfl»S«ltiiSn4* 

»©«si*»isu. *oa)s««k y y 7^u-f ku-a 

*m**C£(c«fcyiTOE*¥**XI4ft**©1JS3M* 

c tewat r *3t¥*?-x(iJt^3Roi»««ai 
s^asx Ban s*x lias a n/t t> ©. 

[0 10 7] (3 7) »;WS:it^lg^XliSt^(C3t 
ifi£AI*tU -*©3teij*Jlt^XI4Jt96*a»S»msn-5Jll£ 

*©ttfflteaiiJEu -toaisfflj: y y 7;uu-r hu-* 

*ffll*4C£lC«fcU1fflK*¥**Xtt#¥*©«JM* 
C t r **¥*^XI43t*»0*3BM 

S^i* Xtti)S«XI4 »3E a tifc t>©. 
[0 10 8] (3 8) 1fttt%¥X?XI4%¥X*©lft 



Bft^*©ia&E j: y 5atxi4a*r L>fc%eifttH-r« 

ft&ifc^MSi:. *nKltttffiTK«*XttH«as*ufcJll£*«[ 
E3t«ffi¥eiC3?< 5fc¥X?Xtt%¥XTflUE£tl«% 
**?-Xf43te36*©#H©1*M*aHSr*i»I«2B5E 
ttl=£l\T. ff>E%¥X?XI4%¥X4>©tft3R£9J:y 

mE%tttt¥&d^©%¥ft?xi4%¥x©£%$x? 
©suits L,<i43HStt*«K:. 5t®ji»©8tw*fT 

iv. fl3E3t«iai^fS(Cfc(t-5jtO«^. adsan^it 

aXtt3H3E«XI45IHSStifct>©. 
[0 10 9] (3 9) tM*3t*iSJRTF-X(43fc¥3R4»©» 

&® leftist Aft S-tt 5 ^fS<h. -tcstw^atji*** 
?X(2%¥X4>6>1MMf J: yS«4XBJB»f Ufc3t«*« 

a-rsjtwftta^st. *rKtM*H-cR*txtta*i<£*i 

&3tli*JKIE3t««lB¥SlcSI< ft^JR^Xttft^JR-C 

«*sti**¥*^xtt3t^*©*B©«!a«*iii3er 
«WMa«e«ic&iiT. i»E3tt**?-XB3t*jR«i>© 
»»is®<fc y »E3t»aiai¥«*T©3tq6*^xttjt* 

a6©±***^ ©IMMIS L < B3H£tt€SIC. **5iil 
J*©ttlt*mv S5E3tSttaJ¥Slc33(tS3t»©ttSg 
iBffiSnfcJtai©ttttt»L<Ja:-6J:5tt«*ffi© 

¥3R©tta«3HS^s*Xtt3BS«Xtt3l!S*n*:t>©. 

[0 110] (4 0) tttt%¥ft?Xtt%¥X*©tt 
&®IC:ftjii£AB*;*-tt£¥fS<!:. -£©ttm#tt«bt¥* 
* XI4#¥X«t>©ttt*JB «fe y £tt XBStf 
ar*3ttJB*m*fia«!:. MEtt«lBTEJHXI4B«S*l 
fc3tSR*lBE3tJ|!*aj^Slcai< jt¥*?-XI**^3KT 

«asn*3t^jR^xB*^ai©«-ii©«!M*aKr 

*»3«;lllS«ca3l\T. wlE3t**^XB3t^3R«*«© 
«;9IS:iS J: y fflE3t3K*aJ*S*T©*i)t*?-Xtt3ti)fi 
5R©±3fe¥**©IMH«0< B3HSfii*«lC. 3tt>il 

B©w-**mv mE3tai«wi*«cfcct*atJR©*« 

3HJESnfcft*©*a^»L<fcS«fc5tttMMB© 

**©4i!3a«jB3e^axBa3E«xttajE*nfct)©. 

[0111] (41) tt3KEtt¥X?Xtt%¥$&« 
l>B^5£«8©ft¥3^XB*¥lii©Sjjg&g*#^*:#: 
^*^-XB3t^5RTyT;Ul/W hU-A£fr5c: 

axBjMssn/tt)©. 

[0 112] (4 2) «3E«©Jfc*«*XI«ltiJ6JRl*i 
SOKttfl«»El/. L&****XI4* 

*?xr4jt*3R©«a«jHS*atXi4-3iffi«xttaiS* 

tlfcfc©. 

[0 113] (4 3) 3t^il^XI4jt**©«lir*»6 



(11) 
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tts«*a-A/£ft96«*xttft¥*T u t>\, \s<< h u- 

**mv -£-©®©13Hia£3£«>-5C.££4#ai£-r£ft 
*t5t^XI4ft^©ia3aSiJ£:fr;£XI4»S«SX(438S 

[0 114] [4 4] BulELIISfii^l^ffl. 
Cili^aSi L£;?fIie©JI¥;£*&g£ 'J 7)\, U-f 

M'-;*£fflo-n73C££<f$a&£-r*±fE3 s^e>3 

7©{5J*l*M IIiE®©ft*i^XI4ft*3i©!B!|3ia;l!l;£ 
^iXttSJS&XtejlJS^tirc*)©. 
[0 115] (4 5) Iff tt. ffi©fi 

^X(4ff m©8i£g3l £ UZi}gi&©® $> -5 1 \ (4 U- >XS 

©«uia£**DSt£ b/t:frfise©8S;£$&3£ u rjuu-r 

hU-*£fflUTfr?C££!8ia£-r-5>±IE3 5^fc>3 

[0 116] [4 6] mJlE*»lSWSailc. S&<ki& 
S£fflU-5C££*t?ii£-r.f>±IE4 4X144 5IE&©ft 
^^?X(43t^moD^lSfi;fJS^aXI4;liJS«SX(4;fflS 

[0 117] (4 7) >&l)!l3t^W*®!Sg^€I¥(ffi 
M&£? Z Z.iz 2>±iZ 4 6 !ElS©ft*§i{^X 

(4ft*lfc©1&3ia;fl]S^;iXI4$^«XI4;lJ££n*:fc 
©. 

[0118] [4 8) iftm<Dm£mmT%m£i<D&®. 
w&&mm&m& & i M4*i?ei£<£©rana>£ffl ^z>z 

[0 119] [4 9) »aWS3tt^JIE?-XB3t**lC3t 
HS£A»f;*t!\ c©ftiS£#iiii£©/,E-rftg£$$;*'$ 

XI4®#Tir3ftl!g©&g£8lti5U ±T©ttJgfCi3l.\T 

aw;? £ nrcxmoGLM t ft*gi§s*T-*4t>*:ftjgteg £ © 

< £fc-0©^3a£#»5c££*#a*£-r.5>7tijiif!^ 

*>©. 

[0 12 0] (5 0) t*3HgftiJ6**Xttft¥3RI=ft 
■*A»S-tt. C©ftH<hftttt©>S:-rftS€$*S'* 

icK<bs-a-. -5-n-en©ftgic>tuTa5«iE^e©J5t} 

XI4E#T-f -5ft$g©filM£&iiib. ±T©**;<illC330T 
jfflS £ ttfcft»©&a £ft»il»T3ft«>fcftJ|<affi £ © 
m#'h£< a:* <fc 5 lc(iifr £« U a£S3<kf £ c £ 

> C £ «r^Sft £"T -5ft*^XI4ft**© 

4*lSS;fflS^;£ XI4i»JS«aX(4;9JS$ ti/t t>©. 

[0121] (51) «E;J?JSft*^X(4ft*m(Cft 
mZAm$t*. C©ft^£3tf4£©75:rftS^$$S'$ 

ic^k^ti-. ^n-en©ftgic>FtuT»«i®^e.©stt 

XI4H«fr 5ft«g©tea£8lJiJU &T®ttBIC£OT 
SJS $ nZtft^©<ag £5t^iiS>T*»^:ftSifirM £ © 



^'j^</a^>«fcpic. ft&£iixuao-£-n-en;wi 
x-r-5 2^is)©i®$£iiuM$ r gjig{fr'5c£T. fta 

£i!XL/dO^-n^ : n^ilX-r -5 2 ^fSj©(8# £d y a 

©d>fc< £t>— ^>©%SM€^-r/'«7>-^€^4i>*C 

£*«<a£-rsft*^xi4ft^©i&saii')s^i£x 

(4SJS3SXI43WS $ tifc ©. 

[0 12 2] (5 2) «J^b<t^)£-r-5®©*AMt± 
©ffi^*/6. -r&fc-fe. »3B£S£#|gaaiS«©«ig 

s £ ©hic^st -5SU©® ic «t q ret 2 n-5«$j;£® 
©ffi^f .c»©«©fiia*> s fttt ic,^ o /s^isi ic-r «=> u£ 

*t2nsjg^©®©-rtis^n-WT-^i«>Tfc#. c©<a 
sicg^$nsms©«©s^€«ait--5c:£^!}#ai 

£-r^ft^^XI4ft**©ttSfi;BijS^-4X(4iiJ^ 

Xtti'j^n/tfc©,, 

[0123] (53) &i?-r -stiff iz*t-r-5>*§ff©s 
mm<Di§me>i&*im& 1 «fcu^#<-r-5>c£*^£t- 

£±1E5 2 iEt£©ft*^^X(4ft*3 S ©iBlSa;iyS^ 
XI4;ffJS«SX(4aiJS^n^: *>©„ 
[0 12 4] (5 4) 'JTA-U-f hU-7$ffll\5C 
££*#8*£-f.-5±IE5 2X14 5 3 iE®©ft*JSt?-XI4ft 

^mowmmmttm x i43ws«xi43BS sntt,®. 

[0 12 5] (5 5) ft2££. ft^e>©ft€^a© 
*ftasf¥^ic5i'iij-r-5^is£. HDis.fiftig^ef^^ffi 

ifi&lc&I5-f-5¥fS£, BulE«&®T-K*t£:Ol,E#TL 
7imii£.£ft^&P£&a5-r5ftdi^f8£. HfFlE»^ST- 
EMttU IxBtt L^BulE.«ft^l?^HtjlE«iai¥fSlC® 
<¥IS££(1;*.. «aj£ft;fcjgft;K#i¥©(&ffi*aK:ifi 

f*ft^iiS);Sb<(4 | J7^U'(' his-x&'fj^. 

&® ©4ama £ m-r i •? ^ > - * * -5 c £ ^ £ r 

Sft*^^X(4jt**©^a;S"JS^;iXI4i»JS«SXI4 
;fJS$n/tt©o 

[0126] (5 6) ^tmm^-m^<ittftm^mm 

Urcft^^SS©*ftai«8¥lc»ii]t-S^S£. SuiE.^ft 
iI§««¥<£«ait-S«ltiJ^S£. B3SE*ftiS««f*H98Ett 
aJ3M3lcg<fMS££ffi§;t. «faa$n/t.>Sftj®»S¥©fiI 
S«S(Cifi$4JtJSja^SU<l4 , J7JUU-f hU-^^ft 
C\. fiu§ES8®©!&Sfi£S-fA^ C£ 

€«iii£-r«ft*^xi4ft^©!te!iaa;iijs^x(4 
asaixiiaHssn/fb©. 

[0 12 7] (5 7) ftjg£. ftjS^6©ft*«»© 
ft^Hlc»lJ-r«^e£. H9iEft^P*»«Sifi©(cS: 
i>-T'5¥l$£. miiE»«l®T-S»tJ5:t^USf/TL,^:B1iiEft 

ms€«ait-^«ia3^s£, mcttttBr-cKKttiM^jB 

«TUfcmiiEftmS¥$HfiiE^iiJ¥ISlc»<^S£*fiSx. 

ttu $n/tft^P©<as^8icifittft^iis)ig u < 14 u 

^ > C £€-*#Si£-r*ft** : f-X(4ft^ 
©%SaS')S^;i X(4jfflSaX(4ifflS 5 tl?t t>©. 
[0 12 8] (5 8) ft^^gb<IJ3t***iSiS 



(12) 



&&2 002-48673 



3^Xlift^m©^iia;ffiS;*;£Xf4;a3£&Xf43BS£ 
*l£*>©. 

[0 12 9] [5 9] F*9?ggi. ^SJgtl?©X 

- A U >X©ft^m£*ifSlc c i £4#a£-f-5 

±E 3 5 frt> 5 8 ©{iJtl^ 1 HEi^ft^it^Xteft^ 

[0 13 0] [6 0] ±E3 5;5>e> 5 8©{5jn*M H 
[0131] [61] 3HS**MWr4=l>tfa.-^ 

[0 13 2] C6 2] «aSit¥K?Xtt5lt^3Rl=3t 

$aku *©jt¥J!s*-xi4ft¥=sfl»&Maisn*#© 

U -t©3BJ£ffiJ:y UTJUz-Y 
[0 13 3] C6 3] a3Bffi3t¥*?-Xtt3tqe*IC3t 

s^awl, ^©Tt^^xii^s^e^ai^n-STt 

t^•5 C <!: IC «fc y HuiS^^XIiTt^^coS^^- 

^ st £ #© § c t ^a £ xmrn+x is it^Jkvm 

»rap#flia!3IIS*sS X(i3HS«X 14 iR'JS £ tl/c *> ©. 
[0 13 4] [6 4] fciMSft^Si^Xte^lMcit 
3i£A!WU -&©3t^^XIJ3t^m^6*ttB5n-55t 
3i©ttSI£;II5£U *©a"JSffi<fc 'J 'J ZJUx'f h 

i c <t ic j; y niiE>i£ij6**xi* Jtsjtxoaaf*** 
*§B**»*c«t*«atr-s3t**?-xB3tq6s©ja 

*T**HliBaK£aE Xtt3HS«Xli«SS n/t =& ©. 
[0 13 5] C6 5) «****?-X(i3t^3R«l'0» 

i47t^*©«&®«fc y sttxaatt Lfc3t**aj-r * 
jw*ffi#a<!:. jwiE»*n-cs»xi4H#fsti^jt*i» 

^jR^-xttjt^sRoMoasf^fliaitaiis-rsHSf 

*4HliS-llCtt C 33 1 1 T . ME#*iR*X I4*¥3R *© 
»5MSBJ:yiBrC3t*llJ¥»*TO*^**X(43t*5R 
©£*¥* : ?-©KttttSL<l4;MSffi*SlC. 3t38iia» 
Ott»tfil». BuEft&dB^ISlC;fcl**3fc©:R!g;&<; ay 
£2n*:ft©#<l<*:l? U < ft* J: ? «4HtloB^ 
fliS!*tmT*i&S c <h£**a<i:-f -5 5t¥X?Xtt%¥ 
*©BW*#fliHffl;E3*a&Xtt;l3£«XH:;«JESnj5:fc 
©. 



[0 13 6] [6 6] tt!*%¥X?-X(4%¥X*©tt 

^Xtt*¥3R«t"©*»llJ:ySWXttH»rUfcit»*«t 
ffi-r*3t»ttffi¥«i. BuE»«ST5t*X(iSM^n 
fc3t&£if?lE5t$at*Jii^fSIC3i< jt^^^XliJt^^T- 
«J*Stl43t^*^Xtt3t^*©#ffi©S»f¥W*ffl* 

**-XI43t**©±3t£*JI»©BWMlS U < liffl^filS: 
SIC. ftJ§£S>©itm£mv HE3t««Ui5^eiCtelt 
3WS$nfc3fcig©#«i<tf?b<;&-5<J: 
5 ttttttff©a#r¥ftffi9!« ttST-3S» -5 c i £4$a & 
■T*****Xtt3fc**©fi»f*#tfSaiS^a5Xf3:aH 

saxiiasstifct)©. 

[0 13 7] [6 7] »8bt¥3^y-XI4ft^3fc«t»©« 
&®IC5t3££A*}£-fc!-S^fS<!:. *©3fcJR#tM*jl|£iJfc* 
^Xlift^liif ©«&®<fc y EttX(4Bt/f U;fcft5ti£8* 

as*-*#su*iB*K<i:. inE«»iiTS«xiia*fati 

fc*S!ti!3EJI63R1»ai¥«lC»< 3t^J8?-XI*3t^*T 
«aStl4*^*^-XC43t*JR03#H0!>JB«f*#fliaift 

(43ft^**©«3HEaiJ:»J]BE«!R*ai*ia*T©3t* 

se^Xtett^mo^ft^sg^roatHSS u < tt-SHXtt* 

SIC. ftRig&afWSfrlt. ME%JMfttt¥IBi::£l? 
*3tm©«Sg*«. 3HESn;fc3tJK©ttfii<tSf U<fcS<fc 

•r«***?-X(43t¥5RroH»f*#HifflfflS»aX(4a) 

jE*xiiai!i£atifc*>©. 

[0 13 8] [6 8] «3HJE3lt¥*?-X(4*¥3R»* 
lM4MJE«©***?-XI4*i)63R©8iaSB!«**A,fc*3l|£ 
¥*?-Xt4**rs3fcT 'J 7;UL"f h C t 

air*Jtt^*^x(43t^3RoH»f*#fljsaai3E^ax 

l4aH£«XI4iMS S tlfc *>©., 
[0 13 9] [6 9] jWS»03t^JR^XI43lt^3Rrt 
flS©KnS«3H£U R»«**atU&3t^*^XI43tt 

*?XI43t¥*OJB«*^*Sl!a!l3e^acX«4jBffi«XI4 

[0 14 0] [7 0] Jfc3S**Xl4*iJSJR©iKllBa>€» 
1 B-r-33BSUTffl#f*#fliffl**». ;^©®T(4huIC 
*»fcJS«f**MBS**A/«:3t**^XI43t*3fi-C 'J 7 

XI4;fflS«IXI4jR]S3 tlfc t>©. 

[0141] [7i] iniEaisfleim. ^a&*® 

©S«T*^fli§y**»]a<!: Ufc?3giC©<S;iiaS€ 'J 7 
a»5 6 4©<5Fnd^ 1 JSEK©3t^^XI4Jt^m©S»i 

*#ffaa*»axttais«XH:3is s n/t t>©. 

[0 14 2] [7 2] fflE3H£tt«Bflm. ffS©<a 
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BXI4fcS©ii£g^£L/c*g»(D®&5lW4U>XS? 

a>e> 6 4ro<5jn^ i iMEtEwft^?-x(4tt^i5i©JS#T 
BttmmmttUR itmm^umm <* ft* t> <d. 
[oi4 3] [7 3) mttsa&omthtz. &int«a 

g£ffl(^-5C££!8ia£-f -5±E7 1 XI4 7 2 EE©3t 
[0144] C 7 4 ) &iftft^M*<§E$Mg#*i£fF<S 

[0145] c 7 5 ) ittm<o&£M&?zm-£:v>&m 

2f;£ X l4iM£«tX (J 3HS $ ft/c *> £>. 
[0 14 6] C7 6] tfo-USft^SSt^Xlift^miCft 
MAItSti-. C©fti|g£ftiiii£<Dfc1-ftit£;*$;*'£ 

5 ftjfc#»©ftt« t tttm&&T'#.#>rzittmiiLm. t <d 
mmm^itmm^nrz few. 

[0147] (77) IfciMJEftS**^ X(43fe*3RlC3fc 
*8£A*f£t!\ CCDftl!i!£ftiilj£OT>&Tftg£;*$;3f£ 

XfiS#r?-5:ft8i!©ttg£&£tSU ^TOttHlCfcOT 
AS S ft Ac ftUcDfiB £ ft!8iI&T-#a6;= jfclSteB £<D 
£#/J* S < £* J: 3 lc«* U S^SJUbT -5 c £ 
T\ Ii<!:iiJl0'>»< tt-OOSlfff #ts*i 

[0 14 8] [7 8) aSJSjtSjSJR^-Xlijfc^ifiCtt 
XI4Sf/r-r£3t»<Bfta*1*mU £T©ttJglCfcOT 
» t* 2 ^fiiODft* ^1 «J u it. JEN 

ti«Sb*»t>-tn-en*«K»-r* 2 ^gumus <t« y s 

[0 14 9] C7 9) ;l'J£LJ:5<h-r-5®<0*.»M*± 
©«BJRd:Oni=»ar*8»OiBI=J:-3T««Sn*« 



*«»£r*3t**^XI43t^5ROH«f*#*HaHS* 
[0 15 0] C8 0) !SHB-r*»«CWrs»«©E 

*«o«*o*«ffl*»i £ v *«<-*-« c&emu:-*- 

•5±E7 9 EKO#¥i£^X(4Jfc¥3i©JBSr^#l»iS;M 
S^;£XI4aj£«XI4;MS<Sftfct>©. 
[0 15 1] [8 1) U7M"f 
£«r*#aS<h -T*±C 7 9X148 OEISOft^fft^X (4ft 
^3R©ffi»f *#*S!*S*aX(4 jBffifllXtta JE 5 ft*: 

[0 15 2] [8 2) 3tjg£. 3fcS»>e>©jfc*«a© 
•#.3tSSP»lC«-liJf -5^S£. H0!E.*3tiB«l¥*16SIH 

fc*9Ej£*s««**ai-r**jB*a£. metttton? 
<#K£ «ajsft/t*3tjg«p©<aB*«cia 

«£*a*¥B^Xtt*¥X©IB»T*#*fflai!E:&j*X 
l4;JWS«XI4jfflS $ ft*: t> ©. 
[0 15 3] (8 3) X^K?«L<ajlt¥X«aii 

■ili¥faK:»< *»£*«*.. ttm3ft&£%91M¥<Z>tt 
S*SCjfittjt8iiaigL.<l4y7;UU'-f h 

3 C £ £*#&£ f *3tt*B?Xtt3t^3R©H«T*#fliaa 
BS*aXttMje«Xtt3Bi£Sftfct>©. 

[0 15 4] (8 4) ftjg£. 3tjgd»6W3t*«»0D 
*JK«C#»-r*¥8<!:. lRE%X8*lftttlBi5ft(C& 
5^S£. gflEa«ffi-CS9*^:t\L.S»fL.*:fi5E3t 

«rLfclBE3t3l!»*lWE*m*a(=»< 

T^UL'-f hU-X€fKV ffi[EiMftlE0a#r?4Hii9£ 
a-r/t5>-^**»*C£*««i:r*it**^X(4 

3t^3R<oHST*#ffiHas»axi4aia«xi4aissft 

[0155] (85) 3t^t«?-SU<(43tt^3fi*»a 
U/£#*«»©*JR«(;:#l!|-r*¥«<!:. gOE3t3S8P* 

*at«*ai*at, miEit^i¥£sfiE«aj¥sicai< 

fS^tfix. «liil$ft/5:3t^ll©(ag«rSICJ5«i5t^ 
U < 14 y 7 JUU"f hU-^«:ftCN. S5E»«I®CD 
S»T^»?R9*S-r/'C5 > £#«>-5 C £ €:«ai£-r 

sjt^B^xttJt^xoa^f^HiHaHje^axBas 

«8XI438E£ ft *:*>©. 
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[0156] C8 6) ^^7, rtm iaa^x 

- A \s > X<DH £ Ptm IC L T l\ Z> C £ £ ~f £ 

(Do 

[0 15 7] C8 7) ±ffi6 2^6 8 5(OfSjn^1 H 
[0 15 8] [8 8] SB««*M»-r*a>ei-^ 

[0 1 5 9] 

©***^Xtt***©»MaXE*aiCfil\TB, » 

asjt^jRTXBjt^^sitasnftjitottiiftaijE 
•tuna«*»*©r, k^««t#^b^<mm*x 

[0 2 ] *fg^co 1 *Mi«©*¥**X(4**3Rfl&«-& 
[S3] 0 2<a£IMTft?*&3ICD:7P-3 1 r-- hT& 
[0 4] El3(^<l^MSaiM:Sc7)i¥*B^^^-^P-5 L i' 

[0 5] mAoffifomwihmmzmwfrb'&mzi m-r 

O ffi left 5 7 □ - 9- -Y - h Tft 4 o 

[0 6] s««<o*2«*^6©jin«*3Hs-r*fe»o 

[0 7] ^-h3U>-^TSftf«CDSiPtt^6^n 

s*fflsr*«^*»w**fca&<z>BT**. 

[0 8] #*ffi«JSas©fc»<&y7VUU-< hU-^O- 

M*»w-r3>s:«>0)BTfc«. 

[0 9] **Oli6ttl, ytm<D&tfiVn&<D1t1to<DV 
[0 1 0] U>Xoi. »1/>X l^>X»<D«*k«<D£ 
[011] HAM9k«AC^tt«ll(fli<&aiJC«l=*K« 

[0 1 2] d/CxSs r . fir, s6. 6 Q (D^mtt't 
[0 1 3] $8^U7^U^f hU-X5i*fflt^^as 
[0 14] $SM IC J; U 7^ ^ □ 1/ >X7 L/>f T'.«S^ 



[01 5] 01 4ICt3(JS#*3tiBO«0[)«**-rHT 
[016] *&WlZ£Zis* y#/\)l,h^>}£<Dfcmm 
[0 17] *5SMICcty*-haU>-^T^FIffS«* 

[0 18] WMHlCfcU UTJUU-f hlx-A^/BHTSt 
1 • -»HH» 

2- a^a 

3- A*W 

4 - Ettffil 

6-^y 

7 -LAN 

8-jffls«a 

1 0-"«¥Xl»t« 
5 1 

5 2-«a («*) 

5 3-au>-#l/>X 

5 4-fltifi 

6 1 -ttttH 

6 2 -7-f^Di/>X7l/^ 
6 3 • »gJU>X 
6 4 — /\ — 7^7- 

6 5 -IMMT 

7 1 -ttttX¥«?3lttX¥X 
7 2 --U y>- hl/>X 

7 3-7>f^Dl/>X7H 

7 4-y u-u>x 

7 5 - mmm=F 

8 1 — H e -N e 

8 2-t-A7?U 
8 3-lttt%¥X? 

8 5-t-A7^U 

8 6 • ^^y-> 
i o 2 

1 0 3 L/>X 

i o 5 •■^mmM^\y>x 

1 0 6- -X-AU>X 

1 0 7-CCD*>7 

1 1 1 •• -^5- 

1 1 5-t-A^?U 

1 2 0-#MSH 

1 2 1 U>X 
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